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CHAPTER  I 
INTRODUCTION 


The  development  and  modernization  of  industry  and  agriculture  often 
create  occupational  hazards,  such  as  damage  to  health  from  the  use  of  radio¬ 
active  isotopes,  injuries  from  machinery,  and  the  entry  of  harmful  substan¬ 
ces  into  the  body.  In  numerous  industries,  workers  must  handle  potentially 
toxic  chemicals.  Furthermore,  chemical  reactions  involved  in  certain  manu¬ 
facturing  processes  result  in  the  liberation  of  toxic  substances.  As  a 
result,  acute  poisoning,  or  more  insidious  damage  to  the  health  of  the  indi¬ 
vidual,  his  family,  and  perhaps  the  community,  may  occur  with  resultant  ad¬ 
verse  effects  on  productivity.  However,  the  degree  of  risk  of  handling  a 
given  substance  is  not  directly  related  to  its  known  toxicity. 

Removal  of  a  hazard  at  its  source,  which  gives  complete  safety  to 
the  worker,  is  one  of  the  control  methods  commonly  used.  However,  it  is  not 
always  possible  totally  to  enclose  a  process  or  to  replace  a  potentially  tox¬ 
ic  substance  by  a  harmless  one.  Consequently,  where  exposure  to  toxic  sub¬ 
stances  is  unavoidable,  there  has  for  many  years  been  increasing  reliance  on 
the  use  of  permissible  levels.  The  main  objective  of  the  application  of  per¬ 
missible  levels  should  be  "to  maintain  an  optimum  state  of  physical,  mental, 
and  social  well-being  in  the  working  population"  (WHO,  1977).  A  permissible 
level  (PL)  has  been  defined  as  "a  concentration  with  a  defined  average  time" 
(WHO,  1969). 

Despite  international  agreement  on  the  objective  of  the  apolication 
and  definition  of  PL's,  the  limits  recommended  for  given  chemicals  often  vary 
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from  one  country  to  another  with  the  greatest  variance  noted  between  PL's 
established  in  the  Union  of  Soviet  Socialist  Republics  (USSR)  and  those  es¬ 
tablished  in  the  United  States  (US).  The  Soviet  PL's  almost  invariably  are 
lower  than  those  of  the  US  and  differ  by  as  much  as  a  factor  of  90  in  some 
instances.  This  fact  has  been  the  source  of  extensive  international  efforts 
to  promote  better  agreement  of  the  recommended  PL  values  between  these  two 
countries. 

Several  questions  arise  concerning  the  above  mentioned  facts:  (1) 
why  is  it  of  international  importance  for  the  US  and  USSR  PL  values  to  be  in 
close  agreement?;  (2)  why  are  the  values  at  such  great  variance?;  (3)  will 
these  PL's  be  in  closer  agreement  in  the  future?  and;  (4)  which  values  are 
the  most  appropriate  and/or  correct?  In  order  to  find  the  answers  to  these 
questions,  a  review  of  the  available  literature  was  conducted  and  as  a  result 
of  the  information  obtained,  the  subsequent  sections  of  this  paper  are  pre¬ 
sented.  The  first  chapter  summarizes  the  efforts  by  several  international 
organizations  to  promote  closer  agreement  of  US  and  USSR  PL  values.  The  se¬ 
cond  chapter  points  out  differences  in  approaches  taken  by  these  two  countries 
in  deriving  PL's  and  offers  possible  explanations  for  their  adopting  these 
approaches.  The  last  chapter  presents  some  changes  that  are  occurring  in 
the  existing  adopted  approaches  and  methods  used  by  both  countries  and  reveals 
some  trends  in  the  recommended  standards  that  have  occurred  during  the  past 
20  years.  Finally,  the  question  as  to  which  values  are  appropriate  and/or 
correct  will  be  dealt  with  in  the  conclusion. 

There  are  several  terms  used  throughout  this  paper  such  as  thres¬ 
hold  limit  value  (TLV),  maximum  permissible  limit  ( MPL )  and  maximum  accept¬ 
able  concentration  (MAC)  that  may  need  some  clarification.  Although  these 
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different  terms  were  adopted  to  emphasize  certain  differences  among  them, 
they  all  have  the  same  purpose  -  namely  to  identify  and  locate  a  point  on  the 
dosage  scale  above  which  there  is  an  increasing  probability  of  injury,  frank 
illness,  and  even  death,  but  below  which  the  risk  is  so  limited  that  there  is 
no  serious  threat  to  health,  however  long  the  exposure  is  continued.  For 
simplicity,  and  in  keeping  with  international  practice,  permissible  level 
(PL)  is  used  to  include  all  the  other  terms  with  the  exception  that  in  cer¬ 
tain  comparisons  the  Soviet  PL's  are  referred  to  as  MAC'S  and  the  US  PL's  as 
TLV's. 


CHAPTER  II 

INTERNATIONAL  PERMISSIBLE  LEVELS 

In  an  effort  to  promote  and  maintain  health,  the  World  Health 
Organization  (WHO)  has  recognized  the  important  role  that  permissible  levels 
have  played  in  reducing  occupational  exposures  to  toxic  substances.  That  is 
why  this  organization  and  other  international  organizations  such  as  the 
International  Labour  Organization  (ILO)  have  for  many  years  attempted  to  im¬ 
prove  the  validity  of  these  PL's  and  widen  their  use. 

As  a  result  of  their  efforts,  PL's  have  been  developed  in  an  increas¬ 
ing  number  of  countries  so  that  today  they  are  a  basic  factor  in  the  protec¬ 
tion  of  worker^*  health.  However,  recommendations  and  standards  presented 
by  various  governments  for  the  control  of  the  same  agent  "appear  to  diverge 
much  more  than  one  would  expect  from  the  available  scientific  information  for 
a  particular  agent"  (Fairchild,  1979).  Table  1  illustrates  a  few  of  these 
divergences. 

These  great  divergences  in  recommended  PL1  s  have  been  the  source 
of  extensive  discussions  both  at  the  national  and  international  level,  as  evi¬ 
denced  by  several  WHO  Expert  Committee  Reports  with  participation  of  the  ILO 
(WHO,  1969;  WHO,  1977),  exchange  missions  between  the  US  and  Soviet  scientists 
(e.g.,  Magnuson,  et  al_. ,  1964),  United  Nations  Agency  Conferences  of  Interna¬ 
tional  Scientific  consultants  (ILO-WHO  Joint  Committee  Report,  1970)  and  In¬ 
ternational  Symposia  of  Occupational  Health  Organizations  (e.g.,  Prague  1959 
Symposium) . 

More  recently,  programs  have  been  developed  by  WHO  in  an  effort  to 
promote  an  international  exchange  of  information  among  specialists  for  the 
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6 


purpose  of  developing  closer  agreement  on  PL's.  One  of  these  programs  is  the 
"WHO  PL  Programme"  which  is  officially  titled  "International  Recommended 
Health-based  Permissible  Levels  For  Occupational  Exposure  to  Chemical  Agents". 
According  to  Fairchild  (1979)  this  program  attempts  to  establish  internation¬ 
ally  recommended  permissible  levels  for  harmful  substances  and  promote  stand¬ 
ardization  of  methods  of  evaluation  of  harmful  effects. 

The  first  step  of  the  program  is  to  establish  priorities  for  vari¬ 
ous  harmful  substances  that  are  in  need  of  having  international  PL  agreement. 
Various  criteria  are  used  to  set  these  priorities  such  as: 

(1)  the  numbers  of  workers  who  have  potential  for  exposure,  and  the 
frequency  of  exposure;  (2)  the  degree  of  toxicity  of  the  agent;  (3) 
the  magnitude  of  the  morbidity  from  exposures  in  different  parts 
of  the  world,  and;  (4)  the  degree  of  difference  between  PL  values 
of  the  US  and  USSR  for  the  substance  (Fairchild,  1979). 

The  fourth  criterion  is  of  particular  importance  in  that  it  is  based  on  the 
general  acceptance  that  the  US  and  USSR  are  the  leading  countries  in  develop¬ 
ment  of  PL's  and  that  for  many  important  substances  these  PL's  are  at  the 
greatest  variance.  It  is  felt  by  members  of  the  "WHO  PL  Programme"  that  any 
substances  with  a  PL  variance  factor  greater  than  2;  that  is,  if  the  ratio 
between  the  US  PL  and  the  USSR  PL  for  the  same  substance  is  greater  than  2, 
the  criterion  of  variance  is  met  and  that  substance  is  given  high  priority 
for  international  discussion  and  promotion  of  closer  agreement.  Figure  1 
shows  an  example  of  this  type  of  calculation.  In  addition.  Table  2  illus¬ 
trates  how  the  above  mentioned  criteria  have  been  applied  in  setting  prio¬ 
rities  for  the  heavy  metals.  Notice  that  only  the  first  four  heavy  metals 
listed  meet  all  the  criteria  and  therefore,  are  given  highest  priority  for 
promotion  of  international  discussion  and  agreement  on  recommended  PL  values. 
In  addition  to  the  heavy  metals,  the  "WHO  PL  Programme"  plans  to  develop  in- 


ternational  health-based  recommendations  for  priority  solvents,  pesticides, 
dusts,  and  respiratory  irritants  (Fairchild,  1979). 


Figure  1 

Calculation  of  Permissible  Level  (PL)  Factor  of  Variance  (fv) 


PL  VALUE  IN  USA1 
PL  VALUE  IN  USSR 


> 


2 


Example: 


Trichlorethylene 


535  Mg/M3 
10  Mg/M3 


53.5  =  fv 


or 


PL  VALUE  IN  USSR 
PL  VALUE  IN  USA 


> 


2 


Example:  Selenium 
2  Mg/M3 
0.2  Mg/M3 


10  =fv 


1.  USA  Values  represent  both  the  official  Occupational  Safety  and  Health 
Administration  values  and  the  American  Conference  of  Governmental  Indust¬ 
rial  Hygienist  TLV's. 

Source:  Fairchild,  E.  J.  (1979)  International  Perspectives  in  Occupation¬ 
al  Health  Standards  and  PL's.  Speech  material  presented  at  The  American 
Industrial  Hygiene  Conference,  May  31,  1979.  Chicago,  IL.  (in  press). 
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TABLE  2 


APPLICATION  OF  "WHO  PL 

PROGRAMME"  CRITERIA 

FOR 

PRIORITY 

HEAVY  METALS 

SUBSTANCE 

1 

2 

CRITERION1 

3  4  fv2 

Cadmi urn 

/ 

t 

/ 

/ 

3.3 

Lead 

/ 

i 

/ 

/ 

15.0 

Manganese 

i 

/ 

/ 

/ 

17.0 

Mercury 

/ 

/ 

/ 

/ 

20.0 

Nickel 

/ 

/ 

- 

/ 

2.0 

Vanadium 

/ 

/ 

- 

0.5 

1.  Positive  sign  (/) 

indicates  that  criterion 

is 

met. 

and  (-)  not  met. 

2.  fv  =  factor  of  variance  =  Ratio  of  US  PL  Value/USSR  PL  Value. 

Criteria:  1  -  the  number  of  workers  who  have  potential  for  exposure,  and 
the  frequency  of  exposure. 

2  -  the  degree  of  toxicity  of  the  agent. 

3  -  the  magnitude  of  the  morbidity  from  exposures  in  different 

parts  of  the  world. 

4  -  the  degree  of  differences  between  PL  values  of  the  US  and  USSR 

for  the  substance  (factor  of  variance). 

Source:  Fairchild,  E.  J.  (1979)  International  Perspectives  in  OccuDational 
Health  Standards  and  PL's.  Speech  material  presented  at  The  Amer¬ 
ican  Industrial  Hygiene  Conference,  May  31,  1979.  Chicago,  IL. 

(in  press). 
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The  "WHO  PL  Programme"  does  not  represent  the  first  attempt  to  com¬ 
pose  a  list  of  internationally  accepted  PL's.  Truhaut  (1963,  in  ILO,  1970) 
was  one. of  the  first  to  develop  an  approach  to  composing  such  a  list.  He 
suggested  that  the  list  of  limits  should  not  be  regarded  as  "lines  of  demar¬ 
cation  between  harmless  and  dangerous  concentrations,  but  as  guides,  indica¬ 
ting  zones  of  maximum  tolerable  concentrations,  at  least  as  a  first  approach". 
In  contrast  to  the  approach  taken  by  the  "WHO  PL  Programme",  Truhaut  regarded 
substances  with  a  factor  of  variance  of  no  more  than  3  as  close  enough  in  ag¬ 
reement  to  be  incorporated  into  a  list  of  internationally  accepted  PL's. 

That  is,  the  substance  would  be  added  to  the  list  if  the  ratio  of  US  PL/USSR 
PL  was  no  greater  than  3. 

In  1969  the  same  approach  was  taken  by  a  Joint  International  Labour 
Organization/WHO  Committee  on  Occupational  Health  (WHO,  1969).  This  committee 
compared  the  most  recent  PL's  established  by  the  USSR  with  those  of  the  Ameri¬ 
can  Conference  of  Governmental  Industrial  Hygienists  (ACGIH)  and  using  the 
criterion  that  the  PL's  not  differ  by  a  factor  of  greater  than  2,  they  were 
able  to  show  close  agreement  for  24  substances  a  list  of  safe  concentration 
zones  that  could  be  recommended  for  international  use.  Unfortunately,  these 
24  substances  only  represent  approximately  5%  of  the  500  substances  consider¬ 
ed  by  this  committee.  However,  at  present  there  is  in  preparation  for  agree¬ 
ment,  another  53  chemical  agents  for  which  there  may  possibly  be  developed  an 
internationally  accepted  list  of  PL  values  (Fairchild,  1979). 

It  is  apparent,  at  least  in  the  opinion  of  WHO,  that  the  key  to 
international  occupational  standards  is  the  closer  agreement  between  US  and 
Soviet  maximum  permissible  limits  (MPL's).  It  is  believed  that  if  the  stand- 
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ards  of  these  two  countries  can  be  more  closely  approximated,  the  remaining 
countries  of  the  world  will  also  be  in  closer  agreement  due  to  the  tremend¬ 
ous  influence  that  both  the  US  and  USSR  have  on  them. 

When  one  compares  the  different  industrial  countries  of  the  world 
with  respect  to  the  process  of  developing  occupational  health  standards,  it 
is  immediately  obvious  that  each  industrial  nation  follows  the  lead  of  either 
the  US  or  the  USSR.  These  two  countries  assume  the  strong  leadership  posi¬ 
tions  in  the  environmental  domain  as  a  result  of  a  combination  of  historical 
and  political  factors,  in  addition  to  economic  considerations. 

The  vast  majority  of  research  on  which  occupational  standards  may 
be  derived  is  conducted  in  the  US  and  the  USSR  primarily  because  of  their 
vast  economic  resources.  Dinman  (1976a),  quoting  from  the  Czechoslovak  Com¬ 
mission  for  Maximum  Allowable  Concentrations,  illustrates  this  point: 

we  are  fully  aware  that  it  is  beyond  the  power  of  a  small  country 
to  work  out  alone  proposals  for  a  large  number  of  industrial  chem¬ 
icals.  They  are  mostly  dependent  on  information  from  the  litera¬ 
ture  which  they  compare  with  their  own  experience. 

Though  it  would  be  expected  that  Socialist  countries  would  completely  adopt 
a  list  of  standards  established  by  the  Soviet  Union  and  the  Western  industri¬ 
al  countries  would  look  to  the  US  for  guidance,  this  is  not  always  the  case. 
Limitations  simply  of  economic  resources  preclude  the  ability  of  many  Social¬ 
ist  nations  to  provide  environmental  controls  inherent  in  the  meeting  of 
Soviet  standards  (Calabrese,  1978).  As  Dinman  (1976a)  bluntly  stated,  "While 
espousing  the  political  philosophy  of  the  Soviet  system,  it  appears  that  eco¬ 
nomic  actuality  ultimately  prevails  over  dogma".  Tables  3  and  4  summarize 
the  extent  and  scope  of  industrial  standards  in  various  Eastern  Bloc 
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and  Western  countries  (not  including  the  US  and  USSR).  It  is  interesting  to 
note  how  many  countries  either  in  the  past  or  at  present  base  their  standards 
on  those  of  the  ACGIH.  The  Bulgarian  approach  is  nearly  identical  to  that 
of  the  Soviet  Union,  whereas  other  Eastern  countries  show  a  certain  degree 
of  individuality  in  their  approaches  to  the  setting  of  occupational  health 
standards.  For  example,  Hungary  has  adopted  the  use  of  time-weighted  aver¬ 
ages  (TWA's),  in  marked  contrast  to  the  MAC'S  of  the  Soviet  Union  which  are 
considered  to  be  limits  that  are  not  to  be  exceeded.  The  TWA  approach  is  one 
taken  by  the  US  in  which  excursions  above  the  limits  are  permitted  as  long  as 
the  average  of  the  exposure  during  the  workday  does  not  exceed  the  recommend¬ 
ed  limit.  These  tables  also  reveal  the  patterns  of  the  influence  of  under¬ 
lying  legal  systems  upon  the  standard  setting  process.  Depending  on  legal 
philosophies,  standards  listed  by  various  countries  may  or  may  not  represent 
standards  promulgated  by  governmental  bodies  and  as  such  may  or  may  not  be 
legally  binding.  In  the  Western  countries,  the  pattern  largely  follows  that 
of  the  US  before  the  Occupational  Safety  and  Health  Act  of  1970,  i.e.,  recom¬ 
mendations  by  non-governmental  bodies.  As  recommendations,  they  might  or 
might  not  be  embodied  in  labor  codes  and  be  considered  as  law.  By  contrast, 
while  the  Socialist  nations  utilize  commissions  with  at  least  some  form  of 
official  status,  the  recommendations  are  embodied  in  an  official  code  which 
is  of  a  legally  binding  nature  (Dinman,  1976a). 

Similarly,  the  US  and  USSR  play  an  important  role  in  the  influence 
of  the  development  of  occupational  health  standards  in  industrially  develop¬ 
ing  countries.  These  developing  countries,  like  the  industrially  established 
countries,  will  likely  be  restricted  by  economics  and  technology  in  attempting 
to  derive  their  own  standards.  Accordingly,  they  too  will  be  forced  to  adopt 
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the  standards  of  either  the  US  or  USSR.  The  decision  as  to  whose  standards 
they  will  adopt  will  most  likely  be  influenced  by  the  same  factors  that  af¬ 
fect  the  decisions  of  the  industrially  established  nations  (i.e.,  political, 
cultural,  economic,  etc.). 

However,  these  developing  countries  may  have  additional  factors  (i. 
e.,  poor  living  conditions,  epidemic  and  endemic  diseases,  severe  climatic 
conditions,  poor  geographical  situations  and  conflicting  cultural  attitudes 
toward  health)  that  must  be  considered  and  greatly  emphasize  the  need  to  cho¬ 
ose  the  proper  health  standards. 

In  addition,  through  the  years,  the  price  of  rapid  industrialization 
has  been  dear.  Great  numbers  of  occupationally-related  diseases  and  deaths 
have  occurred  and  are  still  occurring.  It  seems  that  all  industrial  nations 
have  paid  this  price  at  one  time  or  another  during  the  course  of  industrial¬ 
ization  and  have  and  still  are  experiencing  increased  risk  to  human  health  as 
a  result  of  exposure  to  an  ever  increasing  number  of  toxic  substances.  If  the 
developing  countries  were  to  suffer  the  same  fate  in  their  populations,  cou¬ 
pled  with  an  already  existing  poor  national  health  status,  the  results  would 
be  devastating. 

The  World  Health  Organization,  with  the  help  of  other  international 
organizations  is  attempting  to  prevent  occupational  health  catastrophes  from 
occurring  in  these  developing  nations.  WHO  has  organized  committees  made  up 
of  experts  in  a  variety  of  scientific  fields  and  from  many  different  countries 
in  an  effort  to  gather  as  much  information  as  possible  regarding  methods  used 
in  establishing  permissible  levels  in  occupational  exposure  to  harmful  agents. 
One  such  committee  met  in  1977  (WHO,  1977)  and  through  the  exchange  of  infor¬ 
mation  on  various  methods  used  in  several  countries  was  able  to  reach  an 
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agreement  on  the  best  known  accepted  methods  in  experimental  and  epidemiolo¬ 
gical  studies  that  can  be  used  as  a  basis  for  establishing  PL's.  The  results 
of  the  consensus  of  opinions  of  this  committee  was  published  as  guidelines 
(WHO,  1977)  that  may  be  used  by  industrial  countries  and  developing  countries 
in  providing  guidance  for  the  selection  of  the  proper  methods  to  be  used  in 
establishing  meaningful  standards  that  can  be  applied  to  each  country's  uni¬ 
que  situation. 

The  WHO  guidelines  for  establishing  PL's  is  an  excellent  idea  and 
may,  in  fact,  be  of  great  assistance  to  industrially  developing  countries. 

It  may  also  bring  about  a  closer  agreement  between  the  approaches  used  by  the 
US  and  the  USSR  in  establishing  PL's.  However,  the  major  differences  between 
the  approaches  taken  and  the  values  obtained  between  these  two  countries  must 
be  examined  more  closely  before  any  real  hope  for  internationally  accepted 
standards  can  be  considered. 
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CHAPTER  III 

DIFFERENCES  IN  THE  APPROACHES  TAKEN  BY  THE  US  AND  USSR 


There  are  several  important  areas  in  which  the  US  and  USSR  differ 
in  their  approaches  to  establishing  PL's  which  explain  why  these  values  are 
at  such  great  divergence.  This  chapter  points  out  some  of  these  differences 
with  emphasis  on  the  Soviet  approaches  and  methods.  Several  of  the  ODposing 
approaches  are  the  result  of  the  underlying  philosophical  conceDts  of  the 
Soviets. 

Philosophical  Differences 

To  understand  the  basic  underlying  differences  in  apnroaches  taken 
by  the  US  and  USSR  in  establishing  PL's  for  toxic  substances,  it  is  necessary 
to  first  understand  the  inseparable  relationship  of  political  considerations 
with  scientific  thought  as  is  the  case  in  Socialist  countries  (Dinman,  1976a). 

According  to  Calabrese  (1978),  commenting  on  Dinman's  (1976a)  art¬ 
icle  on  the  development  of  workplace  standards  in  foreign  countries,  the 
Soviet  approach  to  the  development  of  criteria  for  the  derivation  of  permiss¬ 
ible  limits  follows  from  their  philosophical  views  on  the  nature  of  man, 
which  were  derived  in  large  part  from  the  writings  and  teachings  of  Marx  and 
Lenin.  "Perhaps  the  critical  factor  in  this  process  is  the  synthesis  of  the 
writing  of  Lenin  with  the  work  of  Pavlov  on  higher  nervous  system  function" 
(Calabrese,  1978). 

The  unity  of  thought  with  respect  to  Marx,  Lenin  and  Pavlov  stems 
from  the  fact  that  they  tried  to  explain  man  totally  in  mechanistic  terms. 

Thus  the  adoption  of  Darwin's  theory  of  evolution  by  Marx  offered  Lenin  the 
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"geobiologic-historic"  foundations  for  considering  man  in  terms  of  biologic 
adaptation  (Calabrese,  1978).  Thus  the  scientific  foundations  for  Lenin's 
rejection  of  the  dualism  of  body  and  mind  as  developed  by  Descartes  were 
founded  in  the  acceptance  of  a  mechanistic  concept  of  evolutionary  theory. 

At  the  experimental  level,  Pavlov  also  rejected  Cartesian  dualism  of  body  and 
mind,  and  according  to  Dinman,  this  suited  Lenin's  needs  very  well  (Calabrese, 
1978). 

According  to  Pavlov,  the  brain  is  in  a  constant  state  of  balance, 
regulating  its  functioning  to  acquire  a  balance  between  external  and  internal 
stimuli  by  effecting  inhibitory  and  stimulatory  responses.  The  cerebral  cor¬ 
tex  is  considered  the  principal  regulator  of  such  activity;  it  is  also  in  dy¬ 
namic  equilibrium  with  subcortical,  stem,  and  visceral  regulatory  centers 
that  control  the  body's  homeostatic  processes.  Thus,  Pavlov  considered  near¬ 
ly  all  of  man's  activity  as  fundamentally  under  the  control  of  the  cortex 
(Dinman,  1976a). 

Various  attempts  have  been  made  to  translate  Lenin’s  thought  into 

physiologic  perspectives  analogous  to  Pavlov's  terminology.  For  example, 

Dinman  (1976a),  quoting  Kupalov  et  al_. ,  indicated  that: 

according  to  Lenin  ...  the  dialectical  way  to  consciousness  of 
objective  reality  procedes  from  active  contemplation  (similar  to 
Pavlov's  First  Signal  System)  to  abstract  thought  (Pavlov's  Sec¬ 
ond  Signal  of  Activity)  and  thence  to  practical  application,  i.e, 
the  experimental  testing  of  abstract  thought.  Consequently,  the 
relationship  between  dialectic-materialistic  theory  of  conscious¬ 
ness  of  Marxism-Leninism  and  Pavlov  is  intimate  and  reinforcing. 

Dinman  (1976a)  points  out  that  it  is  the  unique  synthesis  of  Lenin’s  and  Pav¬ 
lov's  thought  that  ultimately  influenced  the  importance  of  reflex  behavior 
in  the  standard  derivation  process  in  the  USSR.  He  further  stated  that  ex¬ 
perimental  procedures  that  question  the  validity  of  the  Pavlovian  perspective 
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can  be  logically  thought  to  be  a  threat  to  the  foundations  of  Soviet  biologic 
science.  Thus  permissible  limits  not  primarily  derived  from  Pavlovian  prin¬ 
ciples  are  not  seriously  considered. 

The  interpretation  and  application  of  these  philosophical  concepts 
by  the  Soviet  scientists  may  be  the  basis  for  the  general  disagreement  between 
the  US  and  USSR  as  to  whether  changes  in  neurological  activity  constitutes  an 
adverse  health  effect.  The  reason  why  such  responses  are  considered  as  "toxic 
or  adverse"  effects  is  that  they  are  related  to,  and  affect: 

instability  of  nervous  regulation,  arising  against  the  background 
of  a  changed  functional  state  of  the  cortex  and  subcortical  region. 
These  are  believed  in  turn  to  lead  to  altered  reactivity  of  the 
vascular  and  endocrine  systems  and  instability  of  neuro-circulatory 
processes.  The  manifestations  of  such  changes  in  the  affected  indi¬ 
vidual  are  the  general,  non-specific  symptoms  of  toxicity  arising 
from  such  autonomic  dysequi librium  (Dinman,  1976b). 

This  represents  the  principal  philosophical  and  scientific  argument  used  by 
the  Soviet  toxicologists  to  support  the  need  for  using  neurophysiologic  indi¬ 
cators  of  pollutant  toxicity  and  provides  the  basis  for  their  belief  of  what 
constitutes  an  adverse  health  effect. 

The  adverse  effect  controversy 

The  concept  of  a  permissible  level  of  exposure  to  a  substance  known 
to  be  potentially  toxic  emphasized  the  quantitative  characteristic  of  the  dose- 
response  relationship;  that  is,  a  graded  decrease  is  found  in  the  magnitude 
of  the  biological  response  as  the  dose  of  the  toxic  material  is  lowered  (Hatch 
1976a).  On  the  basis  of  the  demonstrated  reality  of  such  a  quantitative  dose- 
response  relation,  Smyth  (1976)  stated  "...  substances  are  neither  harmful  nor 
harmless.  It  is  the  quantity  that  causes  harm".  From  this  it  can  be  argued 
that  there  is  a  tolerable  dosage  rate  above  zero  for  all  toxic  materials. 

This  thinking  has  led  to  the  functional  concept  of  threshold  limit  values,  as 
explained  by  Stokinger  (1972),  as  that  concentration  at  which  an  individual 


could  be  exposed  for  a  considerable  length  of  time  without  experiencing  an  ad¬ 
verse  health  effect.  This  concept  of  threshold  representing  a  nonlinear  rela¬ 
tionship  between  dose  and  subsequent  responses  is  the  fundamental  basis  for 
toxicological  studies  in  both  the  US  and  USSR.  However,  although  there  is 
general  agreement  on  the  general  principles  of  dose-response  relationships, 
there  is  considerable  controversy  over  the  tyoes  of  responses  that  are  consid¬ 
ered  significant  as  indicators  of  an  adverse  health  effect. 

In  the  US,  dose-response  studies  are  started  at  a  level  of  dosage  at 
which  demonstrable  ill  effects  are  noted  in  the  test  subject.  Testing  con¬ 
tinues  in  a  downward  direction  with  lower  and  lower  doses,  and,  as  the  re¬ 
sponses  to  these  doses  becomes  less  and  less  detectable,  increasingly  sensi¬ 
tive  tests  for  pre-clinical ,  physiological,  biochemical,  and  functional  dis¬ 
turbances  are  used  to  demonstrate  resulting  toxic  effects  (Hatch  1972a).  These 
sensitive  new  tests  are  constantly  being  subjected  to  critical  evaluation  of 
their  usefulness  in  terms  of  their  significance  as  predictors  of  ill  health 
(Stokinger,  1969). 

In  the  USSR,  in  addition  to  such  studies  in  the  physiological  and 
biochemical  areas  just  below  the  pre-clinical,  emphasis  is  placed  on  starting 
from  the  opposite  (lower)  end  of  the  dose-response  relation  and  by  working  up 
from  zero  dose  and  an  initial  standard  of  normality  in  the  test  organism, 
highly  sensitive  measurements  of  behavioral  or  other  response  are  used  to  es¬ 
tablish  the  permissible  limit,  which  is  considered  to  be  just  below  the  low¬ 
est  level  of  exposure  needed  to  induce  a  statistically  significant  deviation 
from  the  normal  state  (Sanockij,  1975). 


These  are  two  basically  different  concepts.  In  the  first,  no  seri¬ 
ous  threat  to  health  is  considered  to  exist  as  long  as  the  level  of  exposure 
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does  not  induce  in  the  organism  "a  demonstrable  disturbance  of  a  kind  and  de¬ 
gree  that  is  accepted  as  an  indication  of  potential  sickness"  (Hatch,  1972b); 
in  the  second,  a  potential  for  ill  health  is  said  to  exist  as  soon  as  the  or¬ 
ganism  undergoes  the  first  detectable  change  of  any  kind  from  its  normal  state 
(Hatch,  1972a).  In  the  US  concept,  the  "accepted  indication  of  potential 
sickness"  as  stated  by  Hatch  (1972b)  is  one  that  overloads  the  normal  protec¬ 
tive  mechanisms  of  the  body. 

The  general  opinion  in  the  US  is  that  experimental  animals  and  humans 
respond  to  pollutant  exposure  with  a  natural  process  of  adaptation.  Adaptive 
responses  are  seen  as  homeostatic  processes  by  which  an  organism  protects  it¬ 
self.  These  defense  mechanisms  can  be  safely  drawn  upon,  within  certain  limits 
of  permissible  load,  to  offset  the  levels  of  stress  imposed  by  minimum  exposure 
to  hazardous  agents  at  the  workplace,  just  as  they  are  regularly  called  upon 
to  counter  the  wear  and  tear  of  ordinary  living  (Hatch,  1972a  and  Stokinger, 
1972).  In  addition,  Stokinger  (1972)  states  that  the  existance  of  adaptive  re¬ 
sponses  is  the  most  convincing  physiologic  argument  supporting  the  biologic 
reality  of  thresholds.  He  further  explains  that  toxicity  may  be  conceptual¬ 
ized  as  the  result  of  two  competing  reactions  -  one  is  the  action  of  the  toxi¬ 
cant  on  the  body,  and  the  competing  response  is  the  adaptive  (or  homeostatic) 
action.  Thus  toxicity  may  result  only  when  the  adaptive  responses  have  not 
been  sufficient  to  overcome  the  action  of  the  toxicants  (Figure  2).  This  con¬ 
cept  has  been  verified  in  numerous  organisms,  including  humans,  and  with  nume¬ 
rous  substances.  Stokinger  (1972)  gave  as  examples;  the  well  known  existance 
of  thresholds  for  numerous  sensory  irritants  of  the  eyes,  nose,  and  throat  and; 
the  results  of  studies  indicating  the  body's  capacity  to  adapt  to  toxic  ele¬ 
ments  such  as  certain  metals. 


The  contrasting  view  of  the  Soviets  is  that  the  protective  mechan¬ 
isms  or  defense  mechanisms  that  maintain  homeostais  should  be  saved  for  use 
only  under  emergency  conditions  to  take  care  of  unexpected  insults  and  that 
their  effectiveness  should  not  be  weakened  by  the  continuing  demands  of  avoid¬ 
able  stress,  knowingly  permitted  at  the  workplace.  In  the  extreme,  this  view 
holds  that  only  a  zero  concentration  of  the  toxic  agent  will  remove  all  health 
risk;  short  of  this,  it  permits  no  significant  departure  from  the  normal  be¬ 
havior  of  the  organism  in  consequence  of  exposure  to  the  offending  substance 
(Hatch,  1972a).  The  Soviet  concept  of  an  unacceptable  response  was  apparent 
in  1954  when  they  established  the  following  principle  (Rjazanov,  1962)  for  am¬ 
bient  air  quality  standards:  "Any  stimulus,  whether  agreeable  or  not,  becomes 
disagreeable,  intolerable  and  sometimes  pathogenic,  if  the  stimulus  has  a  for¬ 
ced  character  (cannot  be  avoided)".  This  means  that  any  forced  stimulus  with 
any  effect  is  unacceptable.  In  addition,  Medved  et  aK  (1966,  quoted  by 
Zielhuis,  1974)  gave  as  criteria  for  acceptability  of  a  permissible  limit  not 
only:  "absence  of  any  pathological  change  or  disease"  but  also"  "absence  of 
any  changes  which  can  become  pathological  under  prolonged  exposure".  Subse¬ 
quently,  the  official  definition  of  Maximum  Allowable  Concentration  as  adopted 
in  the  USSR  is  stated  by  Sanockij  (1975)  as: 

Maximum  allowable  concentrations  of  harmful  substances  in  the  air 
of  the  working  area  are  those  concentrations  that,  in  the  case  of 
daily  exposure  at  work  for  8  hours  throughout  the  entire  working 
life,  will  not  cause  any  diseases  or  deviations  from  a  normal  state 
of  health  detectable  by  current  methods  of  investigations,  either 
during  the  work  itself  or  in  the  long  term. 

Thus,  it  is  of  little  wonder  that  the  majority  of  the  Soviet  established  PL's 

are  so  low,  especially  when  you  consider  that  the  "deviations  from  a  normal 

state  of  health"  are  in  most  cases  measurements  of  changes  in  central  nervous 
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Soviet  emphasis  on  studies  of  the  central  nervous  system 

Another  phi losophical ly-based  approach  of  the  Soviets  in  establishing 
PL's  is  their  heavy  reliance  upon  central  nervous  system  activities.  The  ap¬ 
proach  of  medical  research  in  Western  Europe  and  the  US  has  traditionally 
been  oriented  towards  cell  and  organ  alterations  and  biochemical  changes  as 
early  indicators  of  diseases.  In  the  USSR  attention  has  been  directed  more 
towards  the  integrated  functional  response  of  the  organism,  taking  into  account 

specific  and  non-specific  changes  in  the  function  of  the  higher  nervous  system 

and  regarding  them  as  a  signal  of  biological  interaction  between  organism  and 
noxious  factor  that  may  in  fact  lead  to  disease.  The  underlying  reason  for 
this  Soviet  approach,  as  mentioned  previously,  is  based  on  the  philosophical 
and  scientific  principles  of  Pavlov  and  Lenin,  and  it  is  the  interpretation  of 
these  principles  that  has  led  to  the  Soviet  reasoning  that  neurologic  responses 
should  be  considered  toxic  or  adverse  effects. 

Although  Western  scientists  have  generally  disagreed  with  the  Soviets 
for  their  "excessive"  use  of  neuro-physiological  responses  as  indicators  of 
disease,  the  Soviet  methods  of  functional  studies  of  the  nervous  system  eviden¬ 
tly  are  considered  to  be  of  value  by  many  experts  in  the  field  of  industrial 

health.  This  is  evidenced  by  the  fact  that  these  methods  were  included  in  the 
report  of  the  WHO  Expert  Committee  for  "Methods  Used  In  Establishing  Permiss¬ 
ible  Levels  In  Occupational  Exposure  To  Harmful  Agents"  (WHO,  1977).  This  re¬ 
port  represents  a  consensus  of  opinions  on  the  best  methods  to  be  used  for 
establishing  PL's. 

According  to  Pavlenko  (1975),  studies  of  the  response  of  the  higher 
nervous  activity  of  the  organism  to  chronic  exposure  threshold  quantities  of 
toxic  substances  can  be  carried  out  only  by  using  methods  based  on  analytical 
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studies  of  the  organism  as  a  whole  under  conditions  approaching  those  found 
in  nature  as  closely  as  possible,  including: 

•  (a)  repeated  studies  of  the  initial  state  (background);  (b)  the  study 
of  the  dynamics  of  functional  change,  due  account  being  taken  of  the 
concentrations  or  doses  of  the  substance  in  question;  (c)  studies  of 
duration  of  the  effect,  and  the  reactivity  of  the  organism;  (d)  a 
careful  comparison  of  the  indices  under  investigation  in  the  test- 
objects  and  controls,  etc.  (Pavlenko,  1975). 

Pavlenko  explains  that  only  under  these  conditions  will  it  be  possible  to  de¬ 
tect  very  small  initial  functional  changes  in  the  organism. 

The  Soviets  use  a  wide  variety  of  neurophysiologic  testing  methods 
which  include;  observational  techniques;  unconditioned  reflex  behavior  and; 
conditioned  relfex  behavior.  The  majority  of  these  tests  are  conducted  on  a 
variety  of  animal  species  including  mice,  rats,  rabbits,  cats,  and  in  some 
studies,  man.  These  various  behavioral  testing  techniques  are  incorporated 
into  the  established  Soviet  methods  for  studying  specific  and  non-specific 
changes  in  higher  nervous  activity  as  a  result  of  toxic  substance  exposures. 

The  changes  in  higher  nervous  activity,  either  as  a  result  of  a  single  exposure 
or  by  chronic  exposure  to  threshold  amounts  of  toxic  substances,  may  be  studied 
in  three  different  ways,  depending  on  the  purposes  and  objectives  in  view 
(Pavlenko,  1975  and  WHO,  1977): 

(1)  initial  tentative  evaluation  of  the  effect  of  the  substance  on 
the  whole  organism;  (2)  evaluation  of  the  changes  in  the  central 
nervous  system  on  prolonged  exposure  to  small  amounts  of  the  sub¬ 
stance  in  order  to  establish  the  dose/response  relationship;  (3) 
investigation  of  functional  changes  in  order  to  study  the  mechan¬ 
ism  of  action  of  the  substance. 

An  initial  appraisal  of  the  effects  on  the  central  nervous  system 
is  necessary  when  studying  an  unknown  substance.  After  administration  of  a 
single  dose  and  without  preparation  of  the  animal,  it  may  be  possible  to  ascer¬ 
tain  changes  in  orienting  and  defensive  reflexes  showing  cortex  and  subcortex 
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involvement.  In  these  experiments,  use  is  made  of  stereotyped  sets  of  stimuli 
such  as  auditory,  tactile,  and  pain  stimuli. 

For  substances  with  central  neurotropic  activity,  the  behavior  of 
animals  under  exposure  is  studied  with  a  set  of  more  sensitive  methods  of  fo¬ 
cusing  mainly  on  the  evaluation  of  motor-activity,  thus  making  it  possible  to 
detect  any  specific  effect  that  the  substance  may  have  on  higher  nervous  func¬ 
tion  and  to  determine  whether  behavioral  effects  are  likely  to  develop  on  in¬ 
dustrial  exposure.  The  evaluation  of  changes  in  the  central  nervous  system 
during  long-term  exposures  to  small  concentrations  of  toxic  substances  requires 
precise  and  sensitive  methods  based  on  conditioned  reflexes  in  a  variety  of 
laboratory  animals. 

Such  exposures  may  result  in  the  elimination  of  internal  inhibition 
processes;  there  may  even  be  loss  of  the  conditioned  reflex  or  an  alteration 
of  the  stimulatory  process  with  reduction  of  the  strength  of  the  response  and 
disturbance  of  its  pattern.  The  severity  of  the  change  and  the  time  taken  for 
it  to  develop  depend  on  the  concentration  or  the  dose  to  which  the  animal  has 
been  exposed.  In  chronic  inhalation  experiments,  phases  of  depression  and 
activation  of  various  functions  may  occur,  showing  the  interactions  between 
toxic  effect  and  the  adaptive  mechanisms,  which  may  lead  to  an  apparent  nor¬ 
malization  of  higher  nervous  system  functions. 

A  simpler  but  still  sensitive  method  involving  the  determination  of 
the  latent  period  of  the  response  to  an  electrical  stimulus  has  also  been  used 
to  evaluate  toxic  effects.  Stress  tests  are  very  useful  in  carrying  out  in¬ 
vestigations  on  subtle  functional  changes  owing  to  their  high  sensitivity  to 
the  latent  effects  produced  by  subthreshold  doses  of  toxic  substances  (WHO, 
1977;  Pavlenko,  1975). 
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While  the  above  mentioned  methods  used  by  the  Soviets  are  considered 
by  many  to  be  theoretically  excellent,  some  question  the  validity  of  the  ex¬ 
perimentally  applied  techniques  and  thus  the  results  obtained.  Dinman  (1976b) 
pointed  out  several  of  the  discrepancies  noted  in  the  Soviet  experimental 
designs  and  techniques.  Some  of  his  comments  follow: 

(1)  Choice  between  unconditioned  versus  conditioned  test  -  while 
unconditioned  testing  procedures  are  generally  less  sensitive  to 
host  change,  they  are  relatively  easier  to  perform  and  lend  them¬ 
selves  readily  to  test-retest  analysis.  Unconditioned  testing, 
however,  does  not  generally  indicate  the  involved  physiological 
mechanism;  (2)  Choice  of  which  conditioned  reflex  to  utilize  - 
generally  it  appears  that  defensive-action  based  reflexes  are  less 
sensitive  to  environmental  change  than  are  food  based  reflexes; 

(3)  Choice  of  species  -  undoubtedly  this  question  presents  the 
same  species  variation  problem  seen  with  other  toxicological 
studies;  (4)  Problem  of  standardization  of  independent  variables  - 
this  is  probably  one  of  the  most  serious  obstacles  that  neuro¬ 
physiological  test  methods  need  to  overcome.  This  problem  becomes 
progressively  more  severe  as  the  testing  procedures  become  more 
complex.  Higher  nervous  testing  assumes  some  degree  of  neuro¬ 
stability,  yet  by  definition,  such  test  activity  constitutes,  in 
a  dynamic  state,  an  inherent  incompatibility.  This  dynamic  state 
is  also  markedly  susceptible  to  intercurrent  illness  or  pathology, 
aging,  season,  etc.  Furthermore,  experimentor  variation  can  readily 
affect  results  obtained.  Assessment  of  test  phenomenon  depends  upon 
attention  and  concentration  of  the  trainer,  as  well  as  relationships 
built  up  between  him  and  the  subject.  In  addition,  repeated  daily 
testing  for  weeks  or  months  may  lead  to  attention  decrements  on  the 
trainer's  part.  This  immediately  raises  a  question  as  to  compara¬ 
bility  between  various  laboratory  findings,  a  most  serious  problem 
in  toxicity  testing  and  (5)  Statistical  validity  -  this  represents 
a  problem  area  to  which  less  attention  than  expected  has  been  given 
in  Soviet  literature.  In  part,  the  fact  that  so  many  investigators 
using  behavioral  testing  utilize  relatively  few  animals  reflects 
the  time  and  cost  involved  in  such  experiments  rather  than  reluctance 
to  deal  with  statistically  adequate  numbers  of  experimental  animals 
(Dinman,  1976b). 

Similarly,  Magnuson  et  al_.  (1964)  after  visiting  the  Soviet  Union  as  part  of 
an  Exchange  Agreement,  also  noted  some  of  the  same  discrepancies  to  which  Dinman 
eluded.  Most  notable  was  the  lack  of  statistical  validity  due  to  the  extremely 
small  numbers  of  test  animals  used  in  their  studies.  In  commenting  on  this 
obvious  deficiency,  Magnuson  et  al_.  (1964)  stated,  "because  of  the  emphasis  on 


I 


27 

the  minimal  response  to  toxic  change,  we  were  left  with  the  uncomfortable 
feeling  that  these  responses  were  sometimes  based  on  the  results  in  one  cat, 
or  at  best,  a  few  cats". 

Dinman  (1972)  questions  the  entire  Soviet  concept  of  establishing 
permissible  limits  based  on  the  occurrence  of  changes  in  sensory  input.  He 
contended  that  to  keep  concentrations  of  environmental  agents  below  one's 
level  of  perception  may  create: 

a  creature  (that)  would  have  a  Faustian  life  span  but  (one  that) 
could  receive  no  new  knowledge,  an  exi stance  barely  removed  from 
that  of  the  amoeba  in  its  ability  to  experience  that  world  around 
it.  The  danger  that  a  world  oblated  of  sensory  inputs  imposes  has 
been  clearly  demonstrated  by  sensory  deprivation  experiments.  It 
seems  that  man  is  destined  to  fail  and  challenge,  to  perceive  and 
appreciate  his  world,  but  at  the  cost  of  mortality.  Otherwise,  what 
an  immortality,  what  a  life!  (Dinman,  1972). 

Controlled  Experiments  versus  Epidemiologic  Studies 
In  the  USSR  an  extremely  heavy  reliance  is  placed  on  the  information 
gathered  from  animal  and  human  experimentation  with  epidemiologic  investiga¬ 
tions  assuming  a  mu  u  less  significant  role  in  establishing  permissible  limits. 
Conversely,  in  the  j,  epidemiologic  studies  when  available  play  a  major  role 
in  the  permissible  limit  derivation  process,  and  major  emphasis  is  placed  on 
animal  and  human  experimentation  only  when  epidemiology  does  not  suffice. 
Controlled  experiments 

Rjazanov  (1965)  and  Izmerov  (1973)  outlined  the  experimental  proto¬ 
col  used  in  the  course  of  animal  experimentation  (Table  5)  and  from  this  pro¬ 
tocol,  Sanockij  (1975)  developed  a  multistage  investigative  procedure  employed 
in  the  USSR  that  is  required  by  law  to  be  conducted  on  all  new  chemical  subs¬ 
tances  prior  to  their  production  and  use.  It  is  interesting  to  note  that  the 
quantitative  results  of  each  stage  of  animal  experimentation  are  used  to  es- 
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tablish  complicated  ratios  of  acute  and  chronic  effects  which  are  eventually 
used  to  calculate  the  established  permissible  limit  for  the  chemical  substance. 


TABLE  5 

TOXICOLOGIC  PROCEDURES  EMPLOYED  TO  SUPPORT  STANDARD 
SETTING  IN  THE  SOVIET  UNION 


Step  1.  Identification  of  the  chemical  and  physical  characteristics  of  the 
toxicant  substances  (e.g.,  description  of  vapor  pressure,  solubil¬ 
ity,  flammability,  etc). 

Step  2.  Acute  Toxicity 

A.  Animal  studies 

1.  Mice  studies 
-Static  exposures 

-Two  hours/day  for  3  weeks 

2.  Rat  studies 
-Static  exposures 
-Fours/day  for  3  weeks 

B.  Purpose 

-Define  lethal  concentrations 
-Determine  the  clinical  sequence 

-Characterize  changes  in  the  conditioned  and  direct  reflexes 

Step  3.  Subacute  exposure-four  hours/day  for  6  days/week  for  one  to  two 
months 


Step  4.  Chronic  Exposure 

-Use  of  multiple  species 

-Exposure  for  4  hours/day,  6  days/week  for  5-6  months 
-Chronic  studies  include  (1)  microscopic  changes  in  various  organ 
systems  including  brain,  heart,  liver,  sDleen,  kidney,  or  lung; 
(2)  biochemical  indicator  tests 

Step  5.  Accumulation  Studies 


Source:  Calabrese,  E.  J.  (1978)  Methodological  Approaches  to  Deriving  Environ¬ 
mental  and  Occupational  Health  Standards,  p.  336,  John  Wiley  &  Sons, 
Inc. 

An  example  of  these  calculations  can  be  seen  in  a  subsequent  section  on 
"Safety  Factors". 
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In  addition  to  the  tremendous  use  of  monitoring  techniques  for 
changes  in  nervous  activity  as  previously  mentioned,  consideration  is  also 
given  to. other  sensitive  indicators  of  pollutant  exposure.  For  example,  uri¬ 
nary  excretion  levels  of  coproporphyrin  are  used  to  monitor  exposures  to  a 
variety  of  substances  such  as  carbon  dioxide,  dinile,  styrene,  and  dimethyl 
formamide,  which  decrease  coproporphyrin  levels,  whereas  lead  and  toluene  di¬ 
isocyanate  increases  them  (Calabrese,  1978).  Other  studies  of  biologic  moni¬ 
toring  include  examining  the  potential  effects  of  changes  in  the  degree  of 
dispersion  of  the  serum  proteins  such  as  the  ratios  of  globulins  and  album¬ 
ins.  Dinman  (1976a)  also  pointed  out  that  the  Soviets  make  use  of  many  of 
the  same  toxicological  studies  as  used  in  the  US  although  their  preoccupation 
with  the  role  of  the  central  nervous  system  greatly  influences  the  emphasis 
they  place  on  certain  types  of  tests  and  also  the  effects  that  they  report. 
For  example,  pathological  investigations  similar  to  those  used  in  the  US  for 
evaluation  of  structural  change  of  various  organs  and  systems  is  directed  lar 
gely  towards  pathology  of  the  central  nervous  system.  Likewise,  endocrine 
studies  are  intensely  studied  in  the  USSR  because  of  the  clear  linkage  of  hum 
oral  factor  elaboration  and  control  with  neural  function.  Dinman  (1976a)  was 
very  impressed  with  the  Soviet  immunologic  studies  especially  those  that  have 
shown  the  affect  of  chemical  toxicants  on  the  course  of  several  diseases  (e.g 
the  effect  of  low  concentrations  of  mercury  on  the  course  of  Influenza  A  in 
animals).  He  stated  that  "such  studies  reflect  a  particular  segment  of  con¬ 
cern,  i.e.,  combined  effects  of  toxicity  and  infection.  These  represent  an 
area  of  practical  importance" (Dinman,  1976a). 

Epidemiologic  studies 


In  the  US,  one  of  the  most  valuable  sources  of  information  used  in 
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developing  permissible  limits  for  various  chemical  substances  is  the  epidemio¬ 
logic  study  in  which  the  effects  of  the  specific  pollutant  on  an  exposed  pop¬ 
ulation  are  studied.  Its  value  lies  in  the  fact  that  data  are  derived  from 
human  subjects  as  compared  with  animal  models.  However,  in  contrast  to  con¬ 
trolled  animal  and  human  experiments,  epidemiologic  study  incorporates  numer¬ 
ous  potentially  uncontrolled  variables  that  tend  to  weaken  the  confidence  of 
any  disease-pollutant  association.  Despite  their  limitations,  epidemiologic 
studies  have  been  greatly  improved  and  have  provided  much  of  our  knowledge  of 
toxicity  to  humans  of  arsenic,  asbestos,  lead,  mercury,  and  numerous  other 
pollutants.  For  toxic  substances  that  have  been  in  the  environment  for  many 
years,  primarily  as  a  result  of  industrial  processes  and  for  re-evaluating 
previously  established  PL's,  the  epidemiologic  studies  are  probably  the  most 
important  source  of  information.  However,  for  newly  developed  chemicals  that 
have  not  been  widely  distributed  in  the  environment,  data  from  animal  model 
studies  may  provide  the  best  indication  of  potential  toxicity  to  humans.  Thus 
the  Soviets,  in  an  attempt  to  prevent  hazardous  exposures  from  occurring,  em¬ 
phasize  establishing  more  precise  PL's  based  on  laboratory  studies  of  animals. 

The  Soviets  contend  that  information  derived  from  morbidity  studies 
is  not  considered  to  be  of  significant  help  in  derivation  of  PL's,  since  they 
relate  information  of  harmful  levels  and  not  how  low  a  level  must  be  to  be 
considered  "safe".  Furthermore,  Rjazanov  (1965)  noted  that  there  often  is  a 
very  wide  range  of  concentrations  between  the  toxic  and  "safe"  levels.  This 
transitional  zone,  although  not  invoking  pathological  responses,  does  cause 
the  occurrence  of  adaptational  and  protective  mechanisms  and  that  such  changes 
cannot  be  permitted.  He  concluded  that  the  mere  exi stance  of  such  protective 
changes  is  clear  evidence  of  the  presence  of  an  unacceptable  environment  and 
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that  PL's  must  be  set  at  levels  that  are  sufficiently  low  so  as  not  to  evoke 
these  changes.  Thus,  even  though  morbidity  studies  can  help  substantiate  that 
pollutant  levels  may  be  too  high,  they  cannot  tell  what  the  PL's  should  be 
(Rjazanov,  1965). 

Prediction  of  PL's 

In  the  past,  toxicologists  in  the  US  would  attempt  to  estimate  an 
approximate  TLV  by  extrapolation  by  chemical  analogy.  This  procedure  applies 
the  principle  that  the  quality  of  response  of  a  chemical  may  be  assumed  to  be 
analogous  to  that  produced  by  similar  substances;  that  is,  chemicals  that  are 
structurally  similar  should  produce  a  similar  biological  response.  By  using 
a  chemical  with  an  established  TLV  that  is  comparable  in  structure  or  action, 
an  approximation  of  a  TLV  can  be  established  for  a  new  chemical  substance  that 
has  not  as  yet  been  studied  by  more  precise  methods.  However,  this  method  was 
found  to  have  several  limitations(i .e. ,  one  compound  in  a  chemical  family  of 
compounds  will  respond  in  a  totally  atypical  manner  when  compared  with  others 
of  that  family)  and  it  was  determined  that  there  was  considerable  risk  in  es¬ 
tablishing  a  PL  based  on  an  assumption  only.  Thus,  US  PL's  no  longer  rely  so 
much  on  chemical  analogy  but  are  instead  based  on  stringent  toxicological  and 
epidemiological  procedures  for  study. 

In  contrast  to  the  methodologic  procedures  in  the  US,  Soviet  scient¬ 
ists  devote  considerable  effort  to  trying  to  predict  toxicity  for  organic  com¬ 
pounds  on  the  basis  of  physical  and  chemical  properties  (Ljublina  and  Filov, 
1975).  These  researchers  have  presented  their  attempts  to  derive  regression 
equations  of  physical  properties  (molecular  weight,  specific  gravity,  vaoor 
pressure,  boiling  and  melting  points,  refractional  index,  and  surface  tension) 
for  a  variety  of  related  substances  whose  maximum  permissible  concentrations 
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are  known.  Based  on  such  calculations,  it  is  hoped  that  the  potential  toxic¬ 
ity  of  a  substance  may  be  predicted.  These  calculations  are  usually  conducted 
on  new  chemical  substances  that  have  not  as  yet  been  introduced  into  the  in¬ 
dustrial  environment  and  serve  as  an  approximation  of  toxicity  and  estimate 
of  a  PL.  From  these  approximations,  priority  lists  of  substances  intended  to 
be  given  further  toxicity  tests  may  be  developed.  Usually  such  calculations 
are  conducted  concurrently  with  toxicologic  investigations  with  the  results 
being  reported  to  both  scientific  and  design  organizations  (Sanockij,  1975). 
Calabrese  (1978)  and  Dinman  (1976c)  both  agreed  that  the  use  of  these  calcula¬ 
tions  to  predict  PL's,  although  not  likely  to  be  strongly  adopted  in  the  stan¬ 
dard  derivation  process  in  the  US,  has  potential  usefulness  and  should  be  ex¬ 
plored  more  fully. 

Safety  Factors 

Safety  factors  are  an  integral  part  of  the  derivation  process  of 
PL's  in  both  the  US  and  USSR.  Although  the  Soviets  refer  to  them  as  "reserve 
co-efficients",  they  are  intended  to  be  used  for  the  same  purpose  in  both  coun¬ 
tries;  that  is,  to  provide  for  a  wider  margin  of  safety  for  individuals  at 
risk  of  exposure  to  toxic  pollutants.  To  accomplish  this  a  mathematical  fac¬ 
tor  is  used  to  reduce  the  lowest  dose  (concentration)  that  produces  an  un¬ 
acceptable  response  (effect)  to  a  "safer"  acceptable  level.  This  dose  becomes 
the  established  PL.  Safety  factors  are  considered  necessary  because  of  the 
many  uncertainties  associated  with  extrapolation  of  animal  data  to  humans  (i. 
e.,  variations  in  responses  between  species  and  between  individuals  of  the 
same  species)  and  because  of  the  vast  number  of  factors  that  influence  human 
susceptibility  to  a  toxic  effect  of  a  given  substance. 

In  the  US,  safety  factors  are  typically  built  into  each  standard 
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established.  The  margin  of  safety  between  the  lowest  effective  dose  and  a 
proposed  TLV  expressed  mathematically  is,  TLV  =  lowest  effective  dose/safety 
factor.  The  safety  factor  depends  upon  the  nature  of  the  response  produced 
by  the  lowest  effective  dose;  that  is,  if  a  response  to  a  chemical  substance 
is  localized  and  reversible,  it  is  assigned  a  low  safety  factor,  and,  if  the 
response  is  non-reversible  or  severe,  it  is  given  a  high  safety  factor.  "The 
ACGIH  TLV's  have  been  estimated  to  extend  between  0.2  and  10".  (Smyth,  1959). 
The  safety  factors  used  in  establishing  PL's  for  pollutants  in  food  and  drink¬ 
ing  water  range  from  10  to  1000  depending  on  the  available  data  on  studies  of 
the  pollutant  in  question  (Calabrese,  1978) 

In  the  USSR  several  approaches  have  been  proposed  for  the  derivation 
of  safety  factors.  According  to  Izmerov  (1973)  PL's  should  be  provided  with 
a  safety  factor  of  30%  in  all  cases.  This  means  that  if  a  presumed  threshold 
is  found,  the  next  level  tested  is  30%  lower.  If  there  is  no  pollutant-induced 
activity  at  that  level,  the  experimentation  can  stop,  with  that  final  concen¬ 
tration  becoming  the  PL.  Calabrese  (1978)  stated  that  althouah  this  may  seem 
like  a  very  samll  safety  factor  as  compared  to  the  factors  of  10  and  100  in 
the  US  it  must  be  recalled  that  "the  Soviets  are  trying  to  prevent  the  occurr¬ 
ence  of  the  most  sensitive  indicator  of  exposure  and  not  necessarily  the  truly 
pathogenic  response"  (Calabrese,  1978).  However,  the  accepted  approach  for 
the  use  of  safety  factors  in  the  USSR  presently,  is  reported  by  Kagan  (1975) 
in  which  the  use  of  mathematical  derivations  based  on  set  formulae  are  used. 
These  set  formulae  take  into  account  the  quantitative  correlations  between 
toxic  effects,  chemical  structure,  and  physiochemical  properties  of  the  toxi¬ 
cants  considered.  Magnuson  ejt  al_.  (1964)  presented  the  following  formula  that 
represents  the  theoretical  basis  on  which  the  safety  factor  in  the  Soviet 
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Union  is  often  based  and  the  relationship  of  the  safety  factor  to  the  MAC. 

MAC  =  LIMch/K 
K  =  a  safety  factor 
Derivation  of  K 

LIMAC  C20° 

K  -  a  LIMCH  LC  '  50 

LC  -  50 

^IMAC 

=  a  | LIMAC 1  C20° 

(LC-50)2  X  LIMch 

LIMac  =  lowest  single  dose  giving  an  effect 
LIM^h  =  lowest  repeated  dose  giving  an  effect 

C^qo  =  vapor  concentration  at  20° 

(LC  -  50)  =  2  hr  LC  -  50 
a  =  1  for  vapor?  for  nonvolatile  materials 
L IMA(,/L I =  zone  of  chronic  action 

C2Q0  /(LC  -  50)  =  coefficient  of  possible  inhalation  exposure 
(LC  -  50)/LIMA£  =  zone  of  acute  action 

Magnuson  et  al_.(1964)  reported  that  the  use  of  this  formula  with  re 
spect  to  safety  factor  derivation  may  provide  considerable  insight  in  explain 
ing  some  of  the  striking  differences  between  American  and  Soviet  PL  values, 
especially  with  regard  to  aromatic  hydrocarbons  and  chlorinated  hydrocarbons, 
which  tend  to  have  high  volatility.  Magnuson  et  al_.  (1964)  thought  that  the 
use  of  vapor  pressure  in  the  derivation  of  MAC'S  is  an  erroneous  approach  for 
the  following  reason.  Since  the  MAC  is  considered  to  be  a  level  of  an  atmos¬ 
pheric  concentration  of  a  substance,  "whether  that  concentration  results  from 
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a  chemical  of  low  volatility  or  of  high  volatility  should  not  make  a  differ¬ 
ence  on  the  MAC"  (Magnuson  et  al . ,  1964).  The  question  of  volatility  is  an 
important  one  with  respect  to  engineering  controls  and  in  selecting  appropri¬ 
ate  materials,  but  it  is  not  a  factor  per  se^  in  the  development  of  toxicity. 
Economic  and  Technical  Feasibility  versus  Health 
In  establishing  industrial  health  standards  in  the  US,  great  consid¬ 
eration  is  given  both  economic  and  technical  feasibility  while  in  the  USSR 
these  considerations  are  not  of  any  real  significance.  American  scientists 
criticize  the  Soviets  for  not  allowing  for  economic  and  technical  feasibility 
in  setting  their  extremely  stringent  PL's  and  the  Soviet  scientists  criticize 
the  US  for  placing  too  much  emphasis  on  these  considerations  and  not  enough 
on  the  health  of  the  worker  in  setting  PL's. 

Hatch  (1972a)  in  admitting  that  the  USSR  approach  provides  a  greater 
factor  of  safety  for  the  worker,  questions  whether  it  is  necessary  to  adopt 
such  stringent  standards.  He  agrees  that  protection  of  the  health  of  exposed 
individuals  is  the  first  responsibility,  and  all  other  considerations  are 
secondary.  However: 

in  an  industrial  society  it  is  also  important  not  to  impose  more 
restrictions  than  are  needed  to  provide  adequate  health  protection, 
since  excessive  controls  can  seriously  restrict  many  operations  and 
add  greatly  to  the  cost  of  manufacture.  To  establish  permissible 
limits,  therefore,  it  must  be  shown  that  the  proposed  limits  of  ex¬ 
posure  are  necessary  and  that  they  are  sufficiently  low  (Hatch, 
1972a). 

Similarly,  Magnuson  (1965)  stated: 

although  I  also  recognize  extremely  low  MAC  values  for  highly  toxic 
compounds,  the  excessive  monitoring  of  their  harmful  action  is  a 
needless  waste  of  human  resources  and  it  may  interfere  with  the  use 
of  chemical  substances  and  processes  which  themselves  can  be  of  enor¬ 
mous  importance  to  progress  in  our  social,  economic  and  physical 
health. 


Magnuson  et^  a^.  (1964)  after  observing  the  application  of  Soviet  methods  and 
PL's  stated  that  it  was  both  economically  and  technically  unfeasible  to  enforce 
the  "unreasonable"  low  limits  that  were  established  and,  based  on  observations 
in  the  field  and  discussion  with  Soviet  scientists  they  believed  that  the  PL's 
were  not  rigidly  adhered  to  and  that,  in  actuality,  excursions  above  these 
values  "within  reasonable  limits"  are  permitted  (Magnuson  et^  al_. ,  1964) 

In  contrast,  the  Soviets  are  highly  critical  of  many  American  toxi¬ 
cologists  who  have  advocated  a  relaxation  of  activities  aimed  at  securing 
healthy  working  conditions  based  on  economic,  technical,  and  other  difficult¬ 
ies.  Sanockij  (1975)  in  a  sharp  criticism  of  those  who  would  sacrifice  health 
for  economics  and  industrial  progress  stated: 

it  is  impossible  to  count  on  significant  progress  towards  health 
without  providing  the  fundamental  conditions  for  preserving  and 
strenghtening  it,  and  without  removing  toxic  substances  from  the 
environment;  this  is  one  of  the  principal  factors  that  influence 
health  at  a  time  when  chemistry  is  rapidly  developing  (Sanockij, 

1975). 

In  the  USSR,  the  priority  of  medical  arguments  over  all  others,  in¬ 
cluding  "technical  feasibility",  has  long  been  the  rule  when  PL's  are  estab¬ 
lished.  Under  conditions  of  rapid  technological  progress: 

difficulties  that  appear  insurmountable  today  may  easily  be  over¬ 
come  tomorrow.  Scientifically  based  permissible  levels  are  bound  to 
stimulate  the  introduction  of  new  engineering  techniques  with  the 
aim  of  creating  healthier  technological  processes  and  equipment 
(Letevet,  1962  quoted  by  Sanockij,  1975). 

Sanockij  gives  several  examples  of  fruitful  cooperation  between  Soviet  engi¬ 
neers  and  physicians.  For  example,  the  reduction  of  the  concentrations  of 
dust,  associated  with  the  risk  of  silicosis,  down  to  the  established  MAC  level 
in  many  mines  in  the  USSR  that  was  formerly  regarded  as  "not  technically  feas¬ 
ible". 

The  Soviets  also  find  fault  with  the  definition  of  TLV  adopted  by 
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the  ACGIH.  The  definition  reads  as  follows: 

Threshold  limit  values  refer  to  airborne  concentrations  of  substan¬ 
ces  and  represent  conditions  under  which  it  is  believed  that  nearly 
all  workers  may  be  repeatedly  exposed  day  after  day  without  adverse 
effect.  Because  of  wide  variation  in  individual  susceptibility, 
however,  a  small  percentage  of  workers  may  experience  discomfort 
from  some  substances  at  concentrations  at  or  below  the  threshold 
limit;  a  smaller  Dercentage  may  be  effected  more  seriously  by 
aggravation  of  a  pre-existing  condition  or  by  development  of  an 
occupational  illness  (ACGIH,  1976b). 

According  to  Sanockij  (1975)  this  definition  deliberately  accepts  unfavorable 
effects  and  even  occupational  diseases  in  individual  workers.  He  states  that 
economic  considerations  are  the  basis  for  this  acceptance  of  disease  and  fur¬ 
ther  points  out  that  the  American  use  of  "emergency  limits"  and  "short  term" 
exposure  limits"  for  many  hazardous  agents  are  "theoretical  justification  of 
unsatisfactory  working  conditions"  in  an  effort  to  cut  costs  for  good  engineer¬ 
ing  controls  (Sanockij,  1975). 

Adoption  of  Standards 

The  formal  mechanisms  for  the  actual  adoption  of  a  standard  are 
quite  different  between  the  US  and  USSR  and  may  be  a  major  factor  in  the  large 
divergences  in  the  PL's.  The  monolithic  structure  of  the  Soviet  Union  permits 
a  degree  of  formal  planning  difficult  to  achieve  under  the  US  economy  and  sys¬ 
tem  of  government.  The  Soviet  Ministry  of  Health  is  responsible  for  all  fac¬ 
ets  in  the  setting  and  enforcement  of  PL  values  ranging  from  the  toxicologic 
investigations  in  the  laboratory  to  the  supervision  of  exposures  within  indus¬ 
try.  An  official  permanent  commission  regularly  engaged  in  determining  the 
MAC's  recommends  such  values  to  the  Ministry  of  Health.  With  the  advice  of 
the  Institute  of  Industrial  Hygiene  and  Occupational  Diseases,  these  values 
are  declared  Soviet  Standards  and  are  published  by  the  Ministry  of  Health  (ILO, 
1977).  In  contrast,  the  US  standards  are  the  result  of  diverse  resources  and 
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viewpoints  including  input  from  industry,  labor  unions,  insurance  carriers, 
research  institutes,  universities  and  professional  and  trade  associations. 

The  National  Institute  for  Occupational  Safety  and  Health  (NIOSH)  makes  use 
of  the  information  gathered  from  these  various  resources  concerning  experimen¬ 
tal  and  epidemiological  studies  on  the  pollutant  in  question.  In  addition, 
these  resources  provide  valuable  information  concerning  economic  and  technical 
feasibility  of  the  proposed  PL.  NIOSH  submits  this  information  including  a 
review  of  the  literature  with  respect  to  the  pollutant  to  OSHA  with  a  recom¬ 
mended  standard.  OSHA  then  creates  an  independent  committee  (outside  of  OSHA 
and  NIOSH)  made  up  of  representatives  from  industry,  labor  and  scientific  or¬ 
ganizations,  to  critically  review  the  evidence  supporting  the  proposed  stand¬ 
ard.  The  findings  of  this  committee  and  those  of  NIOSH  are  then  considered 
by  OSHA  and  a  decision  is  made  whether  to  promulgate  the  proposed  standard. 
From  the  many  varying  viewpoints  of  those  involved  in  deciding  whether  a  PL 
should  be  established  at  a  particular  level  it  is  easy  to  understand  the  pro¬ 
blem  of  setting  lower  standards  in  the  US. 

Other  Differences 

There  are  a  number  of  other  differences  both  in  approaches  taken  by 
the  US  and  USSR  and  also  in  implementation  and  enforcement  of  the  established 
PL's.  Table  6  lists  most  of  these  plus  presents  a  summary  of  the  previously 
mentioned  differences.  From  the  large  number  of  differences  listed  it  would 
appear  that  little  hope  is  offered  for  future  agreement  of  PL  values  between 
the  US  and  USSR.  However,  it  may  be  of  some  value  to  consider  the  changes  in 
approaches  and  in  PL  values  that  have  occurred  in  the  past  and  to  look  at  pos¬ 
sibilities  for  future  trends. 
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TABLE  6 

DIFFERENCES  IN  APPROACHES  TO  STANDARD 
SETTING  IN  THE  US  AND  USSR 

(Based  on  Calabrese,  1978;  Dinman,  1976a;  Zielhuis,  1974;  and  Magnuson  et  al . 1964) 


U.S.A. 

U.S.S.R. 

A.  Approaches  to  Setting  Industrial  Standards 

1.  Philosophical  concepts  believed  to 
be  influenced  by  Descartes  (dual¬ 
ism  of  body  and  mind). 

1. 

Philosophical  concepts  founded 
on  Lenin  and  Pavlovian  princi¬ 
ples  of  unity  of  body  and  mind 

2.  Changes  at  the  cellular  and  org¬ 
an  level  are  possibly  isolated 
effects  within  the  organism; 
there  is  more  or  less  a  direct 
pathway  from  uptake  to  organ, 
not  necessarily  mediated 
through  the  CNS. 

2. 

A  deviation  of  organ  functions 
is  regarded  as  a  reflection  of 
total  response  of  the  organism 
mediated  through  the  nervous 
system  (Pavlov  concept). 

3.  Dose-response  studies  start  at 
high  levels  at  which  demonstrable 
ill  effects  occur  and  works  down¬ 
wards,  using  increasingly  sensi¬ 
tive  measures  of  various  distur¬ 
bances. 

3. 

Dose-response  studies  start  at 
low  levels  and  works  upwards 
from  an  assumed  initial  stand¬ 
ard  of  normality  in  the  test 
organism,  using  highly  sensi¬ 
tive  measures  of  behavioral 
or  other  forms  of  response. 

4.  Emphasis  on  cell  and  organ 
pathology,  biochemistry. 

4. 

Emphasis  on  behavior  and  cen¬ 
tral  nervous  system  testing. 

5.  Standards  permit  minor  physio¬ 
logic  adaptive  changes  to  be 
developed. 

5. 

MAC*  will  not  permit  the  deve¬ 
lopment  of  any  disease  or  de¬ 
viation  from  normal. 

6.  Economic  and  technologic  feasi¬ 
bility  are  important  considerations 
in  the  development  of  US  standards. 
(Note:  OSHA  is  is  required  to 
perform  "inflationary  impact  state¬ 
ments"  for  proposed  standards). 

6. 

Standards  should  be  based  en¬ 
tirely  on  health  and  not  tech¬ 
nological  and  economic  feasi¬ 
bility. 

7.  Values  are  time-weighted  averages 
and  in  some  instances  "ceiling 
limit  values". 

7. 

Concentrations  are  maximum  va¬ 
lues  that  are  not  to  be  exceed 
ed  at  any  time.  Similar  to  US 

ceiling  limit  values". 
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Table  6  (continued) 


U.S.A. 


U.S.S.R. 


8.  With  the  exception  of  carcin¬ 
ogens  in  the  workplace,  goals 
of  zero  exposure  have  not  been 
seriously  discussed. 

9.  Concentrations  will  protect  ne¬ 
arly  all  workers,  not  occasion¬ 
al  hypersensitive  or  hypersus- 
ceptible  individuals. 

10.  Much  reliance  on  epidemiologic 
studies  in  human  beings. 


11.  Safety  factors  incorporated 
into  each  standard  are  based, 
mostly  on  the  nature  of  the  re¬ 
sponse  produced  by  the  lowest 
effective  dose. 


12.  Approach  is  pragmatic,  following 
flexible  rules. 


8.  Goal  to  be  achieved  is  a  zero 
level  of  exposure. 


9.  Concentrations  will  protect 
all  workers,  even  the  most 
sensitive  individuals.. 


10.  Relatively  more  reliance  on 
controlled  animal  experimenta¬ 
tion. 

11.  Safety  factors  (reserve  coeffi¬ 
cients)  calculated  for  each 
MAC  and  take  into  account  the 
quantitative  correlations  be¬ 
tween  toxic  effects,  chemical 
structure,  and  physiochemical 
properties  of  the  toxicants 
considered. 

12.  Approach  is  dogmatic,  following 
strict  rules. 


B.  Manner  of  Obtaining  Experimental  and  Clinical  Data  for  Setting  Limits 


1.  Highly  varied  sources--gover- 
nment,  industry,  universities, 
etc. 


2.  Inefficient  exchange  of  scien¬ 
tific  information. 


1.  Highly  structured--the  only 
data  available  are  those  for 
which  the  government  has  plan¬ 
ned. 

2.  More  efficient  exchange  of 
scientific  data. 


C. 


1. 


Formal  Mechanism  for  the  Actual  Adoption  of  a  Standard 


As  a  result  of  the  OSHA  Act  of  1972, 
--NI0SH  is  charged  to  develop  a 
review  of  the  literature  with  res¬ 
pect  to  a  pollutant  and  any  rele¬ 
vant  information  from  other  sour¬ 
ces. 


1.  Government  selects  scientific 
review  committee;  they  recom¬ 
mend  a  standard  to  the  Minis¬ 
try  of  Health;  if  Ministry 
agrees,  they  institute  a  stand¬ 
ard.  Decision  of  standard 


U.S.A. 


U.S.S.R. 


mDie  o  \conc 
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1.  --NIOSH  submits  this  to  OSHA  1.  adopted  is  solely  made  by 

with  a  recommended  standard.  scientists. 

—OSHA  then  creates  an  indepen¬ 
dent  committee  (outside  of  OSHA 
and  NIOSH)  to  critically  review 
the  evidence  supporting  the  pro¬ 
posed  standard.  Following  the 
review  process,  OSHA  decides 
whether  to  promulgate  a  stand¬ 
ard. 

The  decision  of  standard  ad¬ 
opted  is  influenced  by  vari¬ 
ous  authorities  in  addition 
to  scientists. 


D.  Enforcement  of  Standards 


1.  OSHA  is  responsible  for  the  en¬ 
forcement  of  US  industrial  health 
standards. 


1.  Function  of: 

—  inspectors  of  Ministry  of 
Health  (medical  public  health 
training) . 

--inspectors  from  the  All  Union 
Councils  (engineers), 
—inspectors  from  local  trade 
union  committee. 


1.  MAC  -  Maximum  Allowable  Concentrations 

2.  OSHA  -  Occupational  Safety  and  Health  Administration 

3.  NIOSH  -  National  Institute  of  Occupational  Safety  and  Health 


CHAPTER  IV 
TRENDS 


There  are  varying  opinions  among  scientists  in  different  parts  of 
the  world  as  to  whether  the  various  differences  mentioned  in  the  previous 
section  will  ever  be  completely  resolved  with  the  subsequent  development 
of  nearly  identical  PL's  for  both  the  US  and  USSR.  A  review  of  the 
literature  has  indicated  the  majority  opinion  is  that  there  is  an  extremely 
low  probability  of  this  ideal  situation  ever  occurring.  Three  major  dif¬ 
ferences  which  are  unlikely  to  ever  change  are  the  basis  for  this  opinion: 

(1)  differences  in  types  of  effects  investigated;  (2)  differences  in  the 
interpretation  of  the  meaning  of  the  effects  found  and;  (3)  differences  in 
the  formal  mechanism  for  adoption  of  the  PL's.  However,  although  the  opinion 
that  the  ideal  of  complete  resolvement  of  differences  and  identical  PL's  is 
improbable,  many  of  these  scientists  agree  that  some  of  the  differences  are 
being  diminished  and  that  there  is  hope  for  better  agreement  both  in  approaches 
taken  and  values  established  between  the  two  countries. 

US  Changes  and  Trends 

Historically  speaking,  Americans  have  always  assumed  the  presence 
of  a  healthy  environment.  It  was  only  adverse  health  effects  such  as  death 
or  disease  that  caused  action  to  be  taken.  Our  whole  environmental  move¬ 
ment,  including  occupational  health,  is  clearly  one  of  reaction  to  adverse 
health  effects.  Elkins  (1961)  noted  that  many  of  our  occupational  health 
standards  have  been  based  on  primitive  criteria  ranging  from  death  to  changes 
in  body  or  organ  weight.  Hatch  (1972a)  concurred  with  this  perspective  and 
stated  that  in  the  US  the  overwhelming  thrust  in  standard  setting  has  been 
an  adoption  of  lower  and  lower  values  as  a  result  of  the  development  of 
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increasingly  more  sensitive  indicators  of  preclinical,  physiologic,  bio¬ 
chemical,  and  other  indices  of  functional  disturbances.  The  case  of  the 
carcinogen  vinyl  chloride  demonstrates  how  industrial  health  standards 
employed  in  the  US  have  markedly  changed  as  a  result  of  biomedical  studies 
indicating  more  enhanced  risk  than  previously  thought.  In  1962  the  ACGIH 
adopted  a  500  ppm  TLV  for  vinyl  chloride  and  in  1974,  based  on  studies  that 
showed  carcinogenicity,  OSHA  proposed  a  standard  of  "no  dectable  level". 

Later  that  same  year,  due  to  the  development  of  more  sensitive  indicators, 
OSHA  issued  the  standard  requiring  the  reduction  of  exposures  to  1  ppm/8hr 
TWA  with  5  ppm  Max  and  0.5  ppm  action  level  (Calabrese,  1978).  Another 
example  is  the  development  of  the  present  OSHA  standard  of  1  ppm  for  benzene 
from  a  1946  ACGIH  standard  of  100  ppm  also  based  on  carcinogenicity  studies. 
It  is  interesting  to  note  that  tn  1961,  the  Soviet  MAC  for  Benzene  was  6  ppm 
and  is  presently  7  ppm  and  for  vinyl  chloride  it  was  12  ppm  in  1961  and  re¬ 
mained  the  same  until  1979  when  it  was  withdrawn  from  the  USSR  list  of 
standards  (Vigliani,  1976  and  Fairchild,  1979). 

The  above  examples  are  just  a  very  small  representation  of  the 
many  PL's  that  have  been  lowered  in  the  US  during  the  past  20  years  because 
of  the  development  of  newer  more  sensitive  techniques  to  detect  both  clinical 
and  pre-clinical  adverse  effects.  There  is  reason  to  believe  that  this  trend 
will  continue  and  as  more  sensitive  techniques  are  developed  additional 
established  PL's  will  decrease.  However,  recent  changes  in  efforts  to  control 
toxic  substances  (see  below)  indicate  that  this  system  is  changing  and  that 
there  are  those  who  feel  there  are  too  many  new  chemicals  beinq  produced  that 
can  cause  adverse  health  effects  to  risk  the  wait  for  the  development  of 
more  sensitive  techniques  to  detect  them. 


The  passage  in  1976  of  the  Toxic  Substances  Control  Act  (TSCA), 
which  demands  pretesting  of  all  new  chemicals  planned  to  be  used  in  inter¬ 
state  commerce  seems  to  be  a  major  shift  within  the  US  to  adopt  the  overall 
orientation  of  the  Soviets  with  respect  to  the  development  of  accurate 
toxicologic  dose-response  relationships  on  the  basis  of  well  defined 
animal  (and  other)  testing.  The  adoption  of  pretesting  procedures  offers 
what  has  been  widely  referred  to  as  a  front  end  control  process.  Such  a 
perspective,  of  necessity,  leans  heavily  on  the  development  of  a  broad 
variety  of  toxicologic  testing  procedures,  employed  prior  to  the  granting 
of  manufacturing  approval  of  the  substance  in  question  so  that  adequate 
safety  testing  can  be  completed  before  any  significant  human  exposure  occurs 
As  previously  mentioned,  well  before  TSCA,  Soviet  law  required  that  all  new 
chemical  substances  be  subjected  to  compulsory  preliminary  toxicological 
evaluation  prior  to  production  or  use  in  industry  (Sanock ij,  1975).  Conse¬ 
quently,  many  future  industrial  standards  in  the  US  may  be  based  entirely 
on  toxicologic  studies  with  follow  up  epidemiologic  studies  serving  to 
validate  the  previous  toxicologic  test  results  and  interpretations.  Epide¬ 
miologic  studies,  as  previously  noted,  have  played  a  vital  role  in  the 
derivation  of  many  US  standards  and  undoubtedly  will  continue  to  be  an 
important  force  in  the  development  of  future  standards.  However,  Calabrese 
(1978)  points  out  that  the  "long-term  role  of  epidemiologic  studies  in 
standard  derivation  seems  to  be  that  of  applying  the  "fine  tuning"  to  the 
conclusions  derived  from  previous  toxicologic  studies".  Furthermore,  in 
some  cases,  the  epidemiologic  studies  will  undoubtedly  uncover  diseases  that 
slipped  through  the  predictive  testing  procedures  of  the  toxicologic  methods 
From  this  it  would  appear  that  testing  in  the  US  will  probably  be  more  like 
that  of  the  USSR  rather  than  the  other  way  around.  In  addition,  there  may 
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even  be  an  increased  usage  of  some  Soviet  toxicologic  testing  methods. 

Although  most  American  toxicologists  are  of  the  opinion  that  the 

Soviets  are  excessively  preoccupied  with  neurophysiologic  studies  and  there 

use  as  indicators  of  disease  in  setting  standards*  several  have  found  some 

merit  in  these  studies.  Magnuson  et  aj_.  (1964)  found  the  quality  and 

quantity  of  the  Soviet  work  on  the  effects  of  drugs  and  chemicals  on  the 

central  nervous  system  to  be  exceptionally  high  and: 

the  careful  mapping  of  the  precise  sites  of  action  of  drugs 
acting  on  the  central  nervous  system  and  the  feedback  of  that 
information  to  programs  synthesizing  new  drugs  is  an  activity 
which  should  have  long-range  scientific  benefits  in  pharma¬ 
cology,  neurology  and  psychiatry  (Magnuson  et^  aK  ,  1964). 

Likewise,  Calabrese  (1978)  stated: 

from  a  scientific  perspective,  it  would  appear  that  the  Soviet 
emphasis  exploring  the  effects  of  altered  CNS  function  (via 
pollutant  activity)  on  health  is  clearly  an  area  in  which 
Western  scientists  could  learn  from  their  Soviet  counterparts. 

A  cursory  knowledge  of  psychosomatic  illness,  including  the 
effects  of  stress  on  health,  suggests  that  environmental 
scientists  should  closely  examine  this  area. 

Calabrese  (1978)  explained  further  that  Western  developments  in  this  area 

may  in  fact  result  in  greater  areas  of  agreement  between  American  and  Soviet 

approaches  to  standard  setting.  However,  "unless  pollutant-induced  CNS 

instability  can  be  directly  tied  to  the  induction  of  some  disease  process, 

it  is  likely  that  such  data  will  not  play  a  significant  role  in  standard 

derivation  in  the  US"  (Calabrese,  1978).  Recent  expansion  of  US  research 

into  pollutant-induced  central  nervous  system  responses  (Dinman,  1973) 

indicates  an  effort  to  explore  some  of  the  Soviet  claims. 

Another  method  that  has  received  considerable  attention  by  a  number 

of  Western  scientists  is  the  approach  adopted  by  the  Soviets  in  the  derivation 

of  health  standards  for  carcinogens.  Whereas  considerable  controversy  has 
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been  engendered  in  the  US  concerning  the  development  of  an  acceptable 
approach  to  deriving  "safe"  levels  for  carcinogens,  the  USSR  has  acted 
very  quickly.  It  was  the  first  country  in  the  world  to  establish  the  PL 
for  3,  4-benzo  {a}  pyrene  (Fomenko,  1975).  The  principle  on  which  the 
Soviets  based  their  approach  to  carcinogens  is  that  the  latent  period 
varies  inversely  with  the  dosage. 

The  original  research  supporting  the  present  standard  for  3, 

4-benzo  {a}  pyrene  was  conducted,  according  to  Calabrese  (1978),  by 
Yanysheva  and  Antomonov  in  1976.  They  used  groups  of  rats  exposed  to  a 
variety  of  doses  by  using  intratracheal  administration.  The  results 
indicated  that  the  number  of  rats  with  tumors  decreased  as  the  benzo  {a} 
pyrene  dose  was  lowered.  Furthermore,  there  was  an  inverse  relationship 
of  latent  period  and  dose;  that  is,  the  lower  the  dose,  the  longer  it  would 
take  for  a  tumor  to  develop. 

Yanysheva  and  Antomonov  mathematically  estimated  the  appearance 
of  the  initial  lung  tumor  after  administration  of  the  different 
total  doses  of  benzo  {a}  pyrene.  At  0.05  mg  the  first  lung 
tumor  is  projected  to  occur  toward  the  very  end  of  the  animal's 
life  span.  Lower  doses  (0.02  -  0.002  mg)  are  projected  to 
initiate  lung  tumor  development  progressively  beyond  the  animal’s 
natural  life  span  (Calabrese,  1978). 

On  the  assumption  that  humans  may  respond  in  similar  fashion  to  these  rats 
with  respect  to  dose-time-effect  relationships,  a  dose  of  0.02  mg  was 
recommended  as  the  permissible  dose  used  in  the  dose-concentration  formula. 
Thus  the  Soviets  have  chosen  to  select  a  PL  that,  in  theory,  will  cause  an 
effect  (i.e.,  cancer)  after  the  expected  normal  lifetime  of  the  individual 
(Sidorenko  and  Pinigin,  1975). 

Calabrese  (1978)  points  out  that  although  the  data  on  the  benzo  {a} 
pyrene  carcinogenesis  in  rats  is  quite  impressive  with  respect  to  developing 
a  dose-time-effect  relationship,  it  is  highly  debated  whether  data  derived 


47 


from  rat  experiments  should  be  directly  extrapolated  to  humans.  However, 

"a  number  of  Western  environmental /occupational  toxicologists  and  epidemio¬ 
logists  (Jones  and  Grendon;  Thomas  and  Busick;  Druckery  and;  Enterline) 
seem  to  support  the  approach  adopted  by  the  Soviets"  (Calabrese,  1978). 

Additionally,  there  is  an  apparent  increased  recognition  of 
Soviet  toxicologic  studies  by  the  US  as  evidenced  by  the  numerous  references 
to  Soviet  experimental  results  as  found  in  the  ACGIH  "Documentation  of  the 
Threshold  Limit  Values  for  Substances  in  Workroom  Air"  (ACGIH,  1976a). 

These  references  have  been  most  numerous  during  the  past  10  years  and  several 
TLVs  for  various  chemical  substances  have  been  changed  (lowered)  partially 
based  on  Soviet  findings.  Some  examples  of  these  chemical  substances  are 
epsilon  caprolactum,  chlorodifluoromethane,  formamide,  manganese  clyclo- 
pentadienyl  tricarbonyl,  vinyl  chloride  and  benzene.  These  are  just  a  few 
of  the  many  chemical  substances  that  have  had  stricter  standards  placed  on 
them  by  ACGIH  and  OSHA,  and  this  apparent  trend  for  lower  and  lower  PL's 
that  are  more  towards  the  Soviet  PL  values  should  be  considered  more  closely. 

In  the  past,  vast  differences  between  Soviet  and  American  standards 
were  known  but  apparently  did  not  exist  for  all  types  of  industrial  pollutants. 
Elkins  (1961)  compared  American  and  Soviet  standards  in  the  early  1960s  when 
it  was  generally  recognized  that  the  standards  of  these  two  countries  were 
often  at  variance  with  each  other;  that  is,  the  Soviet  standards  are,  in 
general,  considerably  lower  than  those  of  the  US.  Elkins  noted  that  standards 
(i.e.,  based  on  1960  standards)  for  irritant  gases  and  vapors  in  the  US  and 
the  USSR  were  in  generally  close  agreement,  with  several  notable  exceptions 
such  as  acetaldehyde  and  ethylene  oxide,  for  which  the  ACGIH-recommended 
TLVs  were  67  (200  vs  3  ppm)  and  80  (50  vs  0.6  ppm)  times  higher  than  Soviet 
standards  respectively.  In  contrast  to  the  irritants,  the  Soviet  standards 


for  both  hydrocarbon  solvents  and  especially  the  chlorinated  hydrocarbons 
are  often  considerably  lower  than  those  standards  proposed  by  the  ACGIH. 
Furthermore,  there  is  also  reasonably  good  agreement  between  the  Soviet 
and  ACGIH  values  for  both  the  organic  dusts  and  fumes  as  well  as  the  in¬ 
organic  dusts  and  fumes.  Once  again,  there  are  exceptions  such  as  chlordane, 
dimeton,  and  lindane  for  organics  and  lead,  manganese,  metallic-mercury 
and  tellurium  for  inorganics  (Elkins,  1961). 

Calabrese  (1978)  compared  the  values  reported  by  Elkins  (1961) 
to  the  1976  ACGIH  values  for  some  irritants  and  found  that  there  were  a 
considerable  number  of  changes  in  the  ACGIH-TLV’s.  These  changes  almost 
invariably  resulted  in  lowered  levels  (i.e.,  stricter  standards).  Soviet 
1976  standards  for  several  irritants  were  also  compared  to  those  of  1961 
and  these  also  reflect  several  reductions  (e.g.,  ammonia  and  dimethyl 
formamide)  in  MAC  levels.  However,  in  several  instances  (e.g.,  hydrogen 
fluoride  and  sulfur  dioxide)  there  have  been  increases.  Calabrese  (1978) 
concluded  that  the  extend  of  the  differences  between  the  US  and  USSR 
standards  have  not  markedly  diminished,  although  for  some  irritants,  there 
has  been  considerably  closer  agreement  in  PL's. 

While  Calabrese  (1978)  and  Elkins  (1961)  used  only  ACGIH  values 
for  comparison  to  the  Soviet  MAC's,  a  more  recent  comparison  using  the  lowest 
US  recommended  values  reveals  a  greater  convergence  of  PL’s.  Table  7  is  a 
comparison  of  the  findings  of  Elkins  (1961)  to  those  of  a  comparison  of  the 
1977-78  Soviet  and  American  standards  for  several  industrial  pollutants.  In 
this  comparison,  however,  US  values  are  those  of  either  OSHA,  ACGIH  or  NIOSH 
depending  on  which  is  the  lowest  PL  reported.  It  must  be  noted,  however, 
the  NIOSH  and  ACGIH  values  reported  are  only  recommendations  and  do  not 
represent  the  official  US  standards  although  in  most  cases  these  values  will 
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TABLE  7 

COMPARISON  OF  SOVIET  AND  ACGIH  INDUSTRIAL 
STANDARDS  (1961)  TO  SOVIET  AND  US  STANDARDS  (1978) 


1961  Values1  ,  1978  Values2 


Substance 

USSR 

ACGIH 

-fv3 

USSR 

USA 

fv 

A.  Irritant  Vapors  (in 

ppm) 

Acetal¬ 

dehyde 

3.0 

200 

67 

3.0 

(A) 

100 

33 

Acetic  acid 

2.0 

10 

5 

2.0 

10 

5 

Acrolein 

0.3 

0.5 

1.7 

0.3 

0.1 

0.33 

Ammonia 

30.0 

100 

3 

15 

(A) 

25 

1.7 

Dimethyl 

formamide 

3.0 

20 

7 

3.0 

10 

3 

Ethylene  oxide 

0.6 

50 

83 

0.5 

50 

100 

Formaldehyde 

0.8 

5 

6 

0.3 

(A) 

2 

6 

Furfural 

2.5 

5 

2 

2.5 

5 

2 

Hydrochloric 

acid 

7.0 

5 

0.7 

3.6 

5 

1.4 

Hydrogen 

fluoride 

0.6 

3 

5 

0.8 

3 

3.8 

Iodine 

0.1 

0.1 

1 

0.1 

0.1 

1 

Ozone 

0.05 

0.1 

2 

0.05 

0.1 

2 

Nitrogen 

dioxide 

2.0 

5 

2.5 

2.0 

5 

2.5 

Phosgene 

0.1 

1 

10 

0.1 

0.1 

1 

Sulfur 

dioxide 

3.0 

5 

1.7 

4.0 

(N) 

2.0 

0.5 

Toluene  diiso¬ 
cyanate 

0.07 

0.1 

1.4 

0.07 

(N) 

0.005 

.07 
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Table  7  (continued) 


1961  Values 

1978  Values 

Substance 

USSR 

ACGIH 

fv 

USSR 

USA 

fv 

Butyl  amine 

3.0 

5.0 

1.7 

3.0 

5.0 

1.7 

Chlorine 

0.3 

1 

3 

0.3 

1 

3 

Diethyl  amine 

10.0 

25 

2.5 

10.0 

25 

2.5 

B.  Hydrocarbon  Solvents 

(in  ppm) 

Benzene 

6 

25 

4 

2 

1 

0.5 

Butadiene 

45 

1000 

22 

45 

1000 

22 

Coal  tar 
naptha 

25 

200 

8 

25 

100 

4 

Styrene 

12 

100 

8 

1 

100 

100 

Toluene 

13 

200 

15 

13 

(N)  100 

8 

Turpentine 

55 

100 

2 

55 

100 

2 

Xylene 

12 

200 

17 

12 

100 

7 

C.  Chlorinated 

Hydrocarbon  Solvents 

(in  ppm) 

Carbon  tetra¬ 
chloride 

3 

25 

8 

3 

10 

3 

Chloro¬ 

benzene 

11 

75 

7 

11 

75 

7 

Chloroprene 

0.6 

25 

42 

0.6 

25 

42 

Di chloro¬ 
benzene 

3 

50 

17 

3 

50 

17 

Dichloro- 

ethylene 

13 

200 

15 

13 

200 

15 

Ethylene 

dichloride 

2.5 

100 

40 

2.5 

(N)  5 

2 

Methylene 

chloride 

14 

500 

36 

14 

(N)  75 

5 
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Table  7  (continued) 


1961  Values 

1978  Values 

Substance 

USSR 

ACGIH 

fv 

USSR 

USA 

fv 

Trichloro¬ 

ethylene 

9 

200 

22 

2 

100 

50 

Vinyl 

chloride 

12 

500 

42 

8 

1 

0.13 

D.  Miscellaneous  Solvents  and  Organic  Vapors 

(in  ppm) 

Amyl 

acetate 

20 

200 

10 

20 

100 

5 

Cyclohex¬ 

anone 

2.5 

100 

40 

2.5 

50 

20 

Dioxane 

3 

100 

30 

3 

(A)  50 

17 

Butyl 

alcohol 

65 

100 

1.5 

3 

(A)  50 

17 

Methyl 

alcohol 

40 

200 

5 

4 

200 

50 

Propyl 

alcohol 

80 

400 

5 

4 

200 

50 

Aniline 

0.8 

5 

6 

0.03 

5 

167 

Butyl 

acetate 

40 

200 

5 

42 

150 

4 

Carbon 

disulfide 

3 

20 

7 

3 

(N)  1 

0.33 

Nitro- 

propane 

8 

50 

6 

8 

25 

3 

Pyridine 

1.5 

10 

7  . 

1.5 

5 

3 

E.  Miscellaneous  Gases 

and  Vapors  (in  ppm) 

Acrylo- 

nite 

0.25 

10 

40 

0.25 

(N)  4 

16 
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Table  7  (continued) 


Standards 

1961  Values 

1978  Values 

USSR 

ACGIH 

fv 

USSR 

USA 

“fv 

Carbon 

monoxide 

17 

100 

6 

17 

(N)  35 

2 

Hydrazine 

0.1 

1 

10 

0.1 

(A)  O.l 

1 

Hydrogen 

sulfide 

7 

20 

3 

7 

(A)  10 

1.4 

Phosphine 

0.07 

0.05 

0.7 

0.7 

0.3 

4 

F.  Organic  Dusts  and  Fumes 

(in  Mg/ M^) 

Chlordane 

0.01 

2 

100 

0.01 

0.5 

50 

Demeton 

0.02 

0.2 

10 

0.02 

(A)  0.1 

5 

Parathion 

0.05 

0.1 

2 

0.05 

(N)  0.05 

1 

Trinitro¬ 

toluene 

1 

1.5 

1.5 

1 

(A)  0.5 

0.5 

G.  Inorganic 

Dusts,  Fumes 

and  Mists 

(in  Mg/M3) 

Cadmium 

0.1 

0.1 

1 

0.1 

(A)  0.05 

0.5 

Chromic  acid, 
chromates 

0.1 

0.1 

1 

0.01 

(N)  .001 

0.1 

Lead 

0.01 

0.2 

20 

0.01 

0.05 

5 

Mercury- 

metallic 

0.01 

0.1 

10 

0.01 

(N)  0.05 

5 

Molybdenum- 

insoluble 

6 

15 

2.5 

6 

(A)  10 

1.7 

Selenium 

oxide 

0.1 

0.1 

1 

0.1 

0.2 

2 

Titanium 

oxide 

10 

15 

1.5 

10 

(A)10 

1 
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Table  7  (continued) 

Footnotes:  1.  1961  Values: 

USSR  and  ACGIH  values  from  Elkins,  H.  B.  (1961)  Maximum 
Acceptable  Concentrations.  Arch  Environmental  Health 
2:  45-49 

2.  1978  Values: 

USSR  and  USA  values  obtained  from  ILO  (1977)  Occupational 
Exposure  Limits  for  Airborne  Toxic  Substances.  Geneva, 
International  Labour  Office.  Occupational  Safety  and 
Health  Series,  No.  37 

USA  values  also  obtained  from  US  Department  of  Health  Educa¬ 
tion  and  Welfare  (1978)  NIOSH/OSHA  Pocket  Guide  to  Chemical 
Hazards.  US  Department  of  Labor,  Occupational  Safety  and 
Health  Administration.  (September  1978) 

All  1978  USA  values  are  official  OSHA  standards  unless  other¬ 
wise  indicated  as  follows:  (A)=  ACGIH  recommended  standard 

(N)=  NIOSH  recommended  standard 


3. 


fv  -  factor  of  variance  =  US  PL/USSR  PL  (permissible  level). 
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probably  be  officially  adopted  in  the  future.  However,  if  in  fact  some 
of  the  NIOSH  or  ACGIH  recommended  standards  are  not  adopted,  they  still 
represent  a  trend  in  American  scientists'  desire  for  stricter  standards. 

Similarly,  Fairchild  (1979)  reported  the  apparent  trend  toward 
American  and  Soviet  PL  agreement.  He  noted  the  lowering  of  approximately 
60  US  TLV's  during  the  past  12  or  13  years  and  made  special  mention  of  the 
even  lower  NIOSH  future  recommendations  that  may  lead  eventually  to  greater 
agreement  in  PL  values  between  the  two  countries. 

Soviet  Changes 

Although  it  appears  that  the  trend  has  been,  and  probably  will 
continue  to  be  for  a  lowering  of  US  standards,  thus  more  closely  approxi¬ 
mating  those  of  the  Soviet  Union  as  well  as  for  some  of  the  US  approaches 
to  deriving  those  standards  to  become  more  like  those  of  the  USSR,  it  is 
not  totally  a  one-sided  shift.  The  Soviets  have  also  made  some  changes  in 
their  opinions  and  approaches  to  standard  derivation,  and  some  of  these 
are  similar  to  those  of  the  US.  However,  although  some  of  these  changes 
are  indicative  of  better  agreement  between  approaches  to  standard  setting 
in  the  two  countries,  they  do  not  indicate  that  Soviet  standards  in  the 
future  will  elevate,  i.e.,  become  less  strict. 

As  previously  mentioned  in  Chapter  III,  the  Soviets  have  not  re¬ 
garded  epidemiologic  studies  as  significant  in  the  standard  derivation 
process.  However,  there  seems  to  be  a  changing  concept  in  the  USSR  for 
these  types  of  studies  with  an  apparent  increase  in  the  use  of  industrial 
experience  and  epidemiologic  studies.  Volkova  (1975)  states  that  PL's  of 
toxic  substances  that  have  been  established  as  a  result  of  animal  experiments 
are  only  tentative  values  and  must  be  corrected  to  make  them  applicable  to 
man.  As  a  result,  the  process  of  establishing  these  limits  can  be  divided 
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into  the  following  two  stages  (Volkova,  1975):  "(1)  experimental  research 

on  animals;  and  (2)  clinical  hygiene  studies  on  conditions  of  work  and  the 
health  and  functional  state  of  workers  exposed  to  the  given  substance". 

Volkova  points  out  that  in  the  USSR,  many  MAC'S  for  chemical  compounds 
have  been  corrected  in  this  second  stage.  Epidemiologic  studies  including 
morbidity  data  of  workers  who  have  been  exposed  to  various  pollutants  have 
been  extremely  important  in  revising  MAC'S  for  several  chemical  toxicants 
(e.g.,  styrene,  formaldehyde,  hexavalent  chromium,  benzene)  that  were 
considered  at  a  "safe"  level  based  on  initial  toxicological  investigations. 
Moreover,  epidemiologic  studies  are  incorporated  into  the  multistage  process 
for  the  compulsory  investigation  of  new  chemical  substances  before  they  can 
be  used  in  industry.  The  epidemiologic  (statistical)  investigations  are 
used  in  the  final  stage  of  the  process  when  the  substance  is  being  introduced 
into  industry  and  agriculture.  These  studies  provide  not  only  a  "safe"  level 
MAC,  but  also  therapeutic  and  prophylactic  measures;  methods  of  early  diag¬ 
nosis;  first  aid  and;  treatment  (Sanockij  1975). 

In  addition  to  a  greater  use  of  epidemiologic  studies,  there  is 
apparently  a  change  in  the  Soviet  concept  of  adverse  health  effects.  Zielhuis 
(1974)  is  of  the  opinion  that  the  Soviets  are  beginning  to  abandon  the 
extremely  stringent  criteria  that  any  effect,  whatsoever,  including  those 
considered  to  be  normal  compensation  responses  of  the  body,  are  considered 
adverse.  He  offers  as  an  example  of  this  apparent  relaxation  of  this 
stringent  concept  the  new  definition  of  MAC  proposed  by  Sanockij  (1975): 

The  maximum  allowable  concentration  of  a  chemical  compound  in  the 
environment  is  the  concentration  that,  by  its  action  on  the  human 
body  periodically  or  throughout  life,  directly  or  indirectly  via 
ecological  systems  and  also  through  possible  economic  losses,  will 
not  cause  the  development  of  physical  or  mental  diseases  (including 
latent  and  temporarily  compensated  conditions)  or  changes  in  the 
state  of  health  that  go  beyond  the  limits  of  adaptive  physiological 
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responses,  detectable  by  modern  methods  of  investigation  either 
immediately  or  in  the  long  term,  in  this  or  subsequent  generations. 

Zielhuis  (1974)  contends  that  the  Soviets  seem  to  consider  a  limited  change 
within  the  limits  of  physiological  fluctuation  may  not  always  be  unacceptable. 
"Nowadays  there  appears  to  exist  a  trend  to  take  more  into  account  the  normal 
variability  of  physiological  parameters,  inducted  by  various  stimuli,  includ¬ 
ing  the  occupational  stimuli"  (Zielhuis,  1974). 

WHO  Opinion 

The  most  optimistic  point  of  view  as  regards  the  possibility  of 
PL  agreement  between  the  US  and  USSR  is  that  taken  by  the  World  Health 
Organization  (WHO,  1977).  They  state  that  although  there  are  several  under¬ 
lying  scientific  and  philosophical  differences,  the  basic  objectives  in 
establishing  permissible  levels  are  now  very  similar  in  both  countries. 

They  emphasize  that  the  ultimate  goal  in  both  countries  is  to  prevent 
disease  and  maintain  the  health  of  the  workers  throughout  their  life  time. 

It  is  anticipated  that  future  official  standards  originating 
from  the  USA,  the  USSR,  and  other  parts  of  the  world  may  be  more 
in  agreement,  and  international  organizations  such  as  WHO  and  ILO 
will  be  more  able  to  make  international  recommendations  based  on 
a  broad  consensus  among  health  scientists  (WHO,  1977). 


CHAPTER  V 
CONCLUSIONS 


The  US  and  USSR  are  the  leading  countries  in  the  world  for 
establishing  occupational  standards  and  thus  greatly  influence  the  standards 
that  are  adopted  by  other  industrial  nations  as  well  as  industrially  develop¬ 
ing  countries.  Therefore,  it  is  reasonable  for  WHO  to  attempt  to  promote 
closer  agreement  between  the  industrial  standards  of  these  two  countries 
in  an  effort  to  develop  a  list  of  internationally  accepted  PL's  for  various 
toxic  substances.  However,  major  differences  in  philosophical  concepts 
between  the  US  and  USSR  have  led  to  the  adoption  of  different  approaches  to 
the  standard  derivation  process  which  consequently  has  resulted  in  vast 
divergences  in  the  PL  values  recommended. 

Recently,  there  have  been  apparent  changes  in  some  of  the 
approaches  and  criteria  used  by  the  US  and  USSR  in  establishing  industrial 
standards  with  the  majority  of  changes  being  made  by  the  US  in  adopting 
approaches  similar  to  those  used  in  the  USSR.  In  addition,  there  have 
been  a  number  of  changes  in  US  recommended  industrial  standards  for  several 
pollutants  that  have  indicated  a  trend  toward  lower  PL  values  that  are  in 
more  agreement  with  the  Soviet  PL  values.  However,  because  of  the  differences 
in  basic  concepts  and  requirements  of  the  two  approaches  for  distinguishing 
between  a  state  of  health  and  potential  ill  health,  it  is  not  likely  that 
total  agreement  will  be  achieved  on  PL's  of  exposure.  Furthermore,  these 
differences  in  concepts  of  health  and  potential  ill  health  are  not  likely 
to  be  resolved  because  there  is  no  clear-cut  borderline  between  optimal 
health  and  health  impairment  resulting  from  exposure  to  a  toxic  substance. 
Likewise,  there  is  no  clear-cut  answer  as  to  whether  the  US  PL  values  or 
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the  USSR  PL  values  are  more  appropriate  and/or  correct.  The  answer  remains 
a  matter  of  opinion.  The  only  real  validation  of  adopted  PL  values  must  come 
from  the  health  records  of  the  exposed  workers  and  not  from  theoretical 
considerations  and  arbitrary  definitions  of  good  health.  This  seems  logical 
since  even  the  "most  correct"  PL  will  do  little  if  unachievable  or  is  not 
carried  out  for  one  reason  or  another. 

Despite  differences  in  philosophical  concepts  and  approaches  to 
deriving  industrial  standards,  the  US  and  USSR  have  the  same  goal  —  to  main¬ 
tain  an  optimum  state  of  health  in  the  working  population.  Both  countries 
have  excellent  occupational  health  programs  and  have  made  tremendous  progress 
in  the  development  of  various  new  equipment  and  techniques  for  medical 
evaluation,  toxicological  testing  and  industrial  monitoring.  Through  the 
efforts  of  WHO  and  ILO  there  has  been  an  increasing  exchange  of  information 
between  experts  from  these  countries  which  has  led  to  closer  agreement  on 
several  approaches  to  setting  standards  and  on  various  methods  and  techniques 
in  toxicological  and  epidemiological  studies.  Although  there  are  many  un¬ 
resolved  differences,  the  changes  and  trends  mentioned  in  Chapter  IV  of  this 
paper  indicate  that  there  is  reason  to  believe  that  future  official  standards 
originating  from  the  US  and  USSR  may  be  more  in  agreement,  and  that  inter¬ 
national  recommendations  can  be  made  for  acceptable  PL  values  for  many 
industrial  pollutants. 
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